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PRIMARY CARCINOMA OF THE LUNGS ~ 

B M FRIED, MD 

E05TOX 

It is commonly taught that the lungs are very rarely the “seat of a 
primary carcinoma According to Ewing 1 it occurs m about 1 per cent 
of all cancers 

Adler 2 whose monograph on primary tumors of the lungs is so 
much quoted claims that m reality it is not as rare as is believed He 
cites statistics gnen by Hansemann, who found 711 cases of carcinoma 
among 7 790 routine necropsies 156 or 21 9 1 per cent . of which were 
not diagnosed antemortem Of the latter sixteen or 10 3 per cent 
t\ere bronchial and pulmonary tumors. Adler 2 himself compiled from 
the literature up to 1912 372 authentic cases of primary carcinoma of 
the lungs 

Of 1 400 necropsies performed during the last ten years at the 
Peter Bent Brigham Hospital cancer was diagnosed m 136 instances 
Of tins number only fire were found to be primary m the lungs For 
the same period of time carcinoma (surgical and postmortem) was 
diagnosed m the same hospital 78- 1 times Therefore the relation of 
primary lung cancer to all cancers at the Peter Bent Brigham Hospital 
is 1 157 

Of 16 047 necropsies performed m a large Petrograd hospital m ten 
years Lawrinowitch 3 found sixty-one or 0 38 per cent primary 
carcinoma of the lungs 

Menetrier * reported six cases of primary lung cancer among 2 500 
necropsies performed 

At the Bellevue Hospital (New York City) during a period of 
twelve \ ears (1907-1919). there were five primary lung tumors found 
at necropsy 

*From the department of pathology Harvard Urmersity Medical School 
and the pathologic laboratory of the Peter Bent Brigham Hospital 

1 Ew mg Neoplastic Diseases Ed 2 1922, p 808 

2 Adler Primarv Malignant Growths of the Lungs and Bronchi 

New York, 1912 

3 Lawrinowitch quoted by Scott E and Forman J Med Rec 90 -52 
(Sept 9) 1916 

4 Menetrier Traite de Medecme Brouardel Gilbert et Thionot 1917 
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Cottm, Cramer and Saloz 5 found m the Cantonal Hospital at 
Geneva, Switzerland (Hopital Cantonal de Geneve), twenty-nme cases 
of primary carcinoma of the lungs in a period of twenty years 

Of tne number of 13,367 necropsies performed at the Pathologisch- 
Anotomischen Institut der Universitat Innsbruck, Marchesani f found 
twenty-six cases of cancer (0 2 per cent ) which arose in the bronchi 
It is of interest to note that whereas Cottm, Cramer and Saloz 5 
found only twenty-nme cases in twenty years, they were able, later, 
to discover in one year eight new cases At the Bellevue Hospital, 
St George 6 discovered, in a period of twenty months ( 1919-1921 ) , 
seven new cases of primary new growths of the lungs 

Of the five cases mentioned above from the Peter Bent Brigham 
Hospital two occurred in 1921, two m 1923 and one m 1924, while 
during the years 1913-1921, since the foundation of the hospital, no 
cases of primal y carcinoma of the lungs were noted 

The increase m the number of primary lung cancers m the last few 
years is attributed by some workers to changes in the lungs, resulting 
from epidemic influenza 

Because of the similarity, from the clinical point of view, of primary 
lung cancer to any chronic lung affection, and more especially to chronic 
tuberculosis, a good number of these patients used to be, and are still, 
directed to tuberculous sanatoriums (Cases 6 and 8) where postmortems 
are not frequently performed We believe the increased attention to 
carcinoma in general, and to lung tumors m particular, to be responsible 
for the increase in the last decade in the reports concerning this 
condition 

HISTOGENESIS 

There are three elements m the lungs which may give rise to a pri- 
mary carcinoma (1) the epithelium lining the bronchial mucosa, (2) 
the mucous glands, and (3) the epithelium lining the alveoli 

Pathologically, the three types of carcinoma are distinguished accord- 
ing to the gross findings and the type of cells In rapidly growing 
tumors, however, the type of cells is not always a reliable criterion for 
the differentiation In such cases, the combination of the clinical his- 
tory, gross anatomy and histologic structure will furnish a “reasonably 
certain and acceptable” classification (Ewing) 

In general, carcinoma arising from the bronchial lining has an 
alveolar arrangement and is composed of squamous or cylindrical, non- 
cihated cells In gross, the bronchial epithelium, the pleura and the 
parenchyma are usually involved 

T Marchesani Frankfurt Ztschr f Path 27 158, 1924 

5 Cottm, E , Cramer, A , and Saloz, M C Ann de med 8 435, 1920 

6 St George, G Proc N Y Path Soc 21 65, 1921 
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In tumois ongmating in the mucous glands, the stiuctuie micro- 
scopically imitates that of the mucous glands The cells occasionally 
seciete mucus, and the bulk of the tumoi is usually confined to the sub- 
mucosa, pioducing eaily signs of bionchial stenosis 

Tumois ansing fiom the epithelium lining the alveoli aie divided 
by Ewing into (a) diffuse and ( b ) multiple and nodulai In the diffuse 
foim, one whole lobe, 01 the whole lung, is umfoimly consolidated, the 
legion 1 esembhng 01 ganizing pneumonia 01 gi ay hepatization in ci oupous 
pneumonia The pleuia is usually involved, and local and geneial 
metastases are fiequent In the diffuse and nodulai form, the an 
vesicles aie completely 01 paitially filled with cuboidal, cyhndiieal 01 
flat cells 

ETIOLOGY 

Clinical obseivation and expenments favoi the theoiy that cancel is 
due to a chiomc nutation The development of epithelioma in aieas 
subjected to loentgen lays, epithelioma of the lip of pipe smokeis, and 
the soot, coal, tar and pai affin cancel s ai e widely known 

As regai ds pnmaiy carcinoma of the lungs, Menetnei affiims that 
“theie is no primal y lung cancel without a pievious chiomc inflamma- 
tion ” Statistics legardmg the seal of caicmoma of the lungs and the 
piedonunant incidence in the male sex tend to confiim Menetnei ’s 
opinion According to Adlei’s statistics, the light side is the favorable 
location of the new giowth This is explained by the anatomic stiuctuie 
of the light bionchus, which is shoiter, widei and moie veitical in 
duection than the left, and Iheiefoie moie pi one to the penetiation 
of foieign bodies and particles leading to nutation and inflammation 
The male sex, moie exposed in geneial to lung infections, is also moie 
often affected by pnmaiy lung tumois Of Adlei’s 372 cases, 209, or 
71 9 pei cent, occuned in men In the ten cases lepoited heie, only 
one occuned in a female as compared with nine in males 

Ewing believes that the tubeicle bacillus is the commonest lintative 
factoi “The chief etiological factoi of carcinoma of the lungs,” says 
Ewing, “is tubeiculosis ” 

The coexistence of tuberculosis and caicmoma in the same patient, 
whethei in the lungs oi in other organs, has piovoked a gieat deal of 
discussion Rokitansky (1876) affirmed that theie is an antagonism 
between the two affections, a belief which was soon denied by a number 
of reports demonstrating the opposite Fuithermore, it has been shown 
that both affections may exist, not only m the same subject but in the 
same organ, whethei lungs, mammary gland or uterus 

The dermatologists were fust to descnbe the implantation of an 
epidermoid cai cmoma on top of a lupus vulgai is, the tuberculous origin 
of which is beyond any doubt It is of mteiest to note that in the 
great majority of cases, the new giowth developed in the scar of a 
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healed lupic lesion, the scar serving as a starting point for the prolif ela- 
tion of the epithelium with the ultimate transformation into malignancy 
In Debonnet’s 7 series of ninety cases of lupus vulgans, forty-seven 
developed epithelioma in the scar 

Is tuberculosis the chief etiologic factor m pnmaiy carcinoma of the 
lungs ? 

Of 6,536 postmortems at the Pathological Institute at Breslau, 
Lubarsch 8 found tuberculosis m 2,668, one hundred and seventeen of 
which, or 4 4 per cent , had cancer, and of the 3,868 nontuberculous 
cases, 452, or 11 7 per cent, had cancer From the foregoing figuies, 
it may be said that cancer is almost three times as frequent in non- 
tuberculous cases (This may possibly be accounted for by the fact 
that the percentage of nontuberculous patients leaching the “cancer age’’ 
is higher than that of tuberculous patients ) 

In Marchesani’s f twenty-six cases of primary bronchial cancel, the 
new growth was in connection with cavities in nine instances, two of 
which were of bionchiectatic nature, and seven of tuberculous In no 
instance, howevei , could the author find any etiologic relationship 
between the two conditions 

In Adler’s 2 series of 372 cases of primary carcinoma of the lungs, 
there were only nineteen cases, or 5 1 per cent , with tuberculosis 
Cottin, Cramei and Saloz 5 and Cramer and Saloz 9 reported tlm ty- 
seven cases of primary carcinoma of the lungs, six of which were tuber- 
culous, of which two (Cases 19 and 27) developed apparently on top of 
a tuberculous lesion (in the wall of a cavity and m the scar at the 
apex) In nine cases here reported, not a single case showed evidence 
of a pulmonary tuberculosis 

The French clinicians Mai tin and Colrat 10 leported, lecently, two 
cases of primary carcinoma of the lungs, the cause of which they believe 
to be syphilis 

While, in the first case described by the authois, the specificity of 
the lung infection was evidenced by the presence of a syphilitic gumma, 
and the relationship between the two conditions is suggestive, in the 
second, it is rather doubtful (no Wassermann test was done) The 
writers base their belief on the opinion expressed by Tnpier 11 that the 
aheolar formations lined with a cuboidal epithelium found m a sclerosed 
■or broncluectatic lung which were present in this case are nezv forma- 

7 Debonnet Lupus et Epithelioma, These de Paris, 1896 

8 Lubarsch, quoted by Claude Cancer et tuberculose, Actualite medicale, 

1901 

9 Cramer, A and Saloz, M C Rev med de la Suisse Rom 42 160 
(March) 1922 

10 Martin and Colrat J de med de Ljon 2 1049, 1921 

11 Tripier Traite d’anatomie pathologique, 1901 
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tions and are due ah\a) s to sjplulis This is, howe\ er, denied by practi- 
cally all pathologists, who consider them as normal lung alveoli that have 
lost their communication w ith the air passages, with a result that their 
flat epithelium has undergone a “regressive metaplasia, ’ taking a fetal, 
cuboidal aspect 

As has been noted, there is a tendency to attribute the recent increase 
in the number of reports of primary lung carcinoma to the epidemic of 
influenza, which, as it has been shown, leads to a marked metaplasia of 
the epithelium of the bronchi and of the alveolar lining (Goldzieher , 12 
Askanazy 13 ) M)er 14 reported, recently, a primary caicmoma of the 
lung (metaplasierende kaizmom) originating in the epithelium of 
the right bronchus following influenza He believes the latter to be the 
direct cause of the metaplasia which resulted m malignancy 

It will be seen from the foregoing that the chief etiologic factor 
of primary carcinoma of the lungs is unknown It is observed that pri- 
mary carcinoma of the lungs is practically ahvays preceded by a chronic 
inflammatory process Tuberculosis, as a chronic inflammation, may 
account for the origin of a carcinoma leading to a metaplasia of the 
epithelium (w^all of a cavity, scar of a healed lesion) which is ultimately 
transformed into malignancy Recent investigations suggest also an 
etiologic relationship between acute inflammation of the lungs (epidemic 
influenza) and mahgnancj 


REPORT Or CASES 

C\se 1 — Histoiy — A man, aged 45, a book binder, was admitted to the 
Huntington Memorial Hospital, March 14, 1921, complaining of inability to 
mo\e the right arm, diplopia and pain in the left eje 

Late in December, 1920, the patient noticed a small, firm tumor about the 
size of a hickory nut, in the sacro-iliac region, to the left of the median line 
The tumor ivas not painful on pressure, but he had pain in the sacro-iliac 
region when he “stooped over” Later, he began to have double vision, with 
pain and difficulty in moving the left eje, loss of sensation over the left side 
of the face and loss of taste on the left side of the tongue His speech became 
thick, and he made himself understood only vrith difficulty He also had slight 
difficulty in chewing 

Feb 24, 1921, roentgen-ray examination revealed definite bone pathology in 
the left ilium near the sacro-iliac joint, consistent with osteosarcoma 

March 2, the patient w'as operated on at the Cambridge Hospital for a 
swelling at the junction of the sacrum and the ilium The pathologic report 
of the tumor w r as adenocarcinoma, secondary to some other focus 

The eye symptoms then became progressively w'orse, and he had greater 
difficulty in moving the arm The temperature was 98-101 F 

There -was a marked secondary anemia The erythrocytic count was 1,770,000 
per cubic millimeter The hemoglobin was 45 per cent The leukocytic count 
was 13,000 per cubic millimeter The blood Wassermann reaction ivas negative 
On physical examination, a few coarse rales w r ere heard m the right intra- 
clavicular region 


12 Goldzieher, M Cor-Bl f Allg Path 26 506, 1918 

13 Askanazy, M Cor-Bl f sclwveiz Aerzte 49 465 (Jan 18) 1919 

14 Myer, Berthold Frankfurt Ztschr f Path 27 517, 1922 
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March 22, the condition in the right arm was discovered to be a fracture 
at the upper end of the humerus, apparently through the anatomic neck During 
the last few dajs, the patient had been comatose a greater part of the time 
He died after twenty-six days m the hospital 

The clinical diagnosis was adenocarcinoma of unknown origin 
Necropsy —The necropsy was performed at the Huntington Memorial Hos- 
pital by Dr Goodpasture, twelve hours post mortem The body was greatly 
emaciated A small convex tumor mass, measuring 2 5 by 0 5 cm , attached to 
the bone but not to the skin, was found over the left temple There was an 
obvious fracture at the head of the right humerus The lymph glands in the 
left axilla and both inguinal regions were enlarged, discrete and hard There - 
was no edema The peritoneal cavity, except for the enlargement of the 
mesenteric lymph nodes, which contained apparent tumor, was normal 

Thorax On stripping away the thoracic muscles, definite tumor metastases 
were found in the fourth and seventh ribs on the right and in the second rib 
on the left, situated near or in the costochondral junction These masses 
evidently involved the medulla and grew through the cortex When the sternum 
was removed, it was found to be infiltrated with rather diffuse tumor masses 
which have grown, especially through the body posteriorly, and there was a 
large tumor, 4 by 3 5 cm , protruding into the thoracic cavity from the first 
left rib 

Pleural Cavities The right lung was free The left lower lobe was adherent 
to the thoracic wall by firm, fibrous adhesions 

Mediastinum The lymph glands draining the left lung were enlarged, firm 
and infiltrated with tumor The heart weighed 132 gm , and, except for the 
small size, was not unusual 

Lungs The left lung weighed 620 gm It was quite markedly anthracotic 
The upper lobe was air containing and was free, while the lower was adherent 
to the thoracic wall laterally and posteriorly, and to the diaphragm inferiorly 
The inferior lateral two-thirds was firm and nodular On section, its cut 
surfaces disclosed a tumor mass, bronchial in distribution, measuring 7 by 
3 5 cm , and extending from near the hilum to the pleural surface The tumor 
was fairly firm but friable, pale gray with patches of opaque yellow The 
lobular structure of the lung, with pigmented septums, persisted in the tumor 
peripherally, but centrally the pulmonary structure was destroyed Surrounding 
the tumor were many gray nodules, apparently peribronchial, giving a wider 
consolidation of the lung, but not uniform as is the compact tumor The 
terminal bronchi were dilated and filled with thick, clear mucus Some ot 
the consolidated masses showed central softening, leaving small cavities 
resembling abscesses The regional lymph nodes were enlarged and infiltrated 
with tumor The right lung weighed 355 gm It was pigmented and air con- 
taining There was no evidence of tumor or inflammatory consolidation in the 
lung Larjnx, trachea, and alimentary canal appeared normal The liver 
weighed 1,180 gm , and contained two tumor nodules, measuring 1 5 by 2 cm 
in diameter The gallbladder was normal 

Suprarenals The left suprarenal was enlarged by the presence of tumor 
nodules m the cortex and medulla The right was normal Pancreas, spleen, 
kidneis, urinary bladder, prostate, testes and thyroid gland were normal The 
aorta showed a moderate sclerosis of the abdominal portion 

Brain The fifth nerve on the left side contained a tumor nodule, 0 5 cm 
in diameter, situated 1 cm from the point where the nerve emerged from the 
brain No evidence of tumor could be found elsewdiere 

Vertebrae Tumor masses protruded from 0 5 to 1 cm anteriorly from the 
bodies of the twelfth thoracic and second lumbar vertebrae A large abscess 
filled with graa pus (about 50 cc ) w r as situated beneath the left lumbar muscles 
and communicated with the sinus exteriorly 

Microscopic Examination— The. primary tumor was that m the left lower 
lobe ot the lung It imohed especiallj the walls of the bronchi wduch were 
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infiltrated by tumor cells which had entirely replaced normal mucous membrane 
m places From the bronchi, it extended outward into surrounding alveoli 
The tumor grew as an adenocarcinoma, and in places the cuboidal or columnar 
cells may have contained a little mucus It was judged that the tumor 
originated in cells of the bronchus No evidence of cilia were found in the 
tumor cells The metastases were quite similar in general appearance and 
structure to the primary tumor 

The pathologic diagnosis was primary carcinoma of the lung (left) with 
metastases to the liver, suprarenal, bones (extensive) and fifth nerve, and 
arteriosclerosis 

The early and extensive metastases to the bones is of interest in this 
case The bodies of the involved vertebrae weie extensively infiltrated 
with adenocarcinoma, even though there was no outward change in the 
structure It is also of interest to note the invasion by tumor of the 
fifth nerve and of the lymph glands in the left axilla and m both inguinal 
regions 

Case 2 — Histoiy — A man, aged 44, an Armenian, entered the Peter Bent 
Brigham Hospital, March 3, complaining of pain in the abdomen and chest 
The family and the past histories were negative Two and a half months 
before, he began to suffer from pam in the abdomen radiating to the chest, 
associated with belching of gas At the same time, he began to lose weight 
and strength 

Physical examination showed him to be undernourished and cachectic The 
heart was negative The lungs were normal except for dulness over the left 
chest anteriorly and diminished breath sounds over that area In examination 
of the liver, dulness increased from the fourth space to 6 cm below the costal 
margin The lower border of the liver was distinctly felt It was smooth, 
firm and moderately tender In the median line, just above the lower border, 
a definite irregularity could be felt in the surface of the liver The rest of 
the physical examination was negative 

The blood Wassermann reaction was negative The stool was positive for 
bile Urine examination gave negative results The hemoglobin was 80 
per cent The erythrocytic count was 5,056,000 per cubic millimeter The 
leukocytic count was 9,800 per cubic millimeter The temperature was 99-100 F 

Roentgen-ray examination of the chest in a lateral position, on admission, 
showed the tumor mass to arise in the anterior mediastinum The shadow 
somewhat overlapped the posterior mediastinum, but the posterior mediastinum 
was essentially clear 

Roentgen-ray examination of the patient’s chest three weeks later showed 
the progress on the left side to be much more extensive It involved the 
whole of the lower lobe region, and there was considerable increase of the 
density of the root shadows on the right lung 

The patient died after twenty-five days in the hospital 

The clinical diagnosis was lymphosarcoma ( ? ) 

Neciopsy — Postmortem examination, performed by Dr V C Jacobson, 
showed a well developed and emaciated white man with a slight edema of 
the lower extremities and scrotum The abdomen was distended and tense 
The liver was greatly enlarged, extending about 5 cm below the costal margin 
Its surface was nodular, being covered with a white, pale tumor The omentum 
was adherent to the anterior abdominal wall from the umbilicus to the pubis 

Chest The under surface of the sternum was adherent to the entire peri- 
cardium because of the presence of innumerable grayish white tumor nodules 
which covered the greater part of the pericardium and pleura The lower 
third of the pericardial sac anteriorly was not involved in the tumor, but the 
other two-thirds were covered with a layer of very firm, white tumor, about 
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12 mm m thickness This was continuous with a similar formation over 
the lower lobe of the left lung to which the parietal pleura was firmly adherent, 
and which was removed by removing the lung The middle three fourths of 
the loner lobe was very firm, and the pleural tumor growth, and that over the 
mediastinum mentioned, formed a very dense mass continuous from the anterior 
to the posterior surfaces The lateral quarter, while showing innumerable 
miliar}' to pea-sized nodules on its pleural surface and in its substance, con- 
tained a certain amount of air, but the tumor growth was sharply marked 
off from this zone The left upper lobe showed numerous pleural metastases 
and subpleural growths and numerous nodules, from 1 to 1 5 cm in diameter, in 
its substance On section, the growth was densest toward the hilum of the 
lower lobe, and spread out in a very irregular manner and appeared to originate 
in a fairlv large bronchus which was considerably dilated with a rough, nodular, 
gra}ish white tumor growth which proceeded out from this into the surrounding 
tissue Pulmonary veins leading from this lung were stenosed 2 cm from 
the hilum, and the larger tributaries m the lung were apparently filled with 
tumor growth The pulmonary arteries showed also invasion by tumor The 
right lung was voluminous and showed fairly marked emphysema Here and 
there beneath the pleura could be felt firm, grayish red nodules, the largest 
8 mm m diameter, with contracted, hyperemic borders The lymph glands 
along the bronchi and trachea were slightly enlarged, only a very few of 
them appeared to contain any tumor The diaphragmatic pleura on the left 
was studded with small tumor growths, but there was no gross extension 
through the diaphragm The liver weighed 6,363 gm (14 pounds) Its surface 
was lery irregular, due to the presence of innumerable pale white, firm tumor 
nodules streaked with red, v'hich varied in size from 2 mm to 8 cm They 
formed rounded, rosette-like projections below the capsular level There was 
no obstruction of the portal vein, inferior vena cava, hepatic artery or the mam 
trunks of the hepatic vein Incision longitudinally showed two very large tumor 
growths in the right lobe, the largest being 19 cm in diameter There was 
■very little parenchyma remaining, the tumors being so numerous In some 
parts, the location of portal spaces was striking, but it w r as difficult to ascertain, 
m the gross, how' the tumor reached the liver Many hepatic veins were 
invaded, and implantations on the nitima were quite numerous in the finer 
branches There w r as some dilatation of the bile ducts, but no remarkable 
bile staining of the parenchyma and none of the tumor The lymph nodes at 
the head of the pancreas and along the bile ducts were found to be invaded 
b\ tumor The other organs, except for the right kidney m W'hich a leiomyoma 
was found, were not remarkable 

Mki oscopic Eunmnation — Lungs Sections taken from the region of the 
priman grow'th showed the following features The most striking character- 
istic was the extensile infiltration by the tumor cells, forming a conglomerate 
new growth One section showed the alveoli filled with round or oval tumor 
cells with dark-staining nuclei, and in some areas there was a large mass of 
necrosis There was also considerable connective tissue proliferation through- 
out, and m some areas much small cell infiltration Some of the blood vessels 
and ah coli showed a moderate amount of carbon deposit Many bronchioles 
and small blood aessels wore filled with the same epithelial tumor cells Lymph 
glands were firmlv adherent to all the surrounding structures and represented 
a rich tumor cell infiltration with a certain amount of tissue reaction The 
section of the broncluolar wall showed clearly the origin of the tumor It 
arose from the epithelium of the mucosa and not from the tubulo-alveolar glands, 
winch, as a whole, were quite normal except for degenerative changes in 
places, due to pressure of the surrounding tissue The neoplastic change m 
the mucosa made the latter about six times its normal thickness The cells 
had broken through the muscle wall and between cartilage spaces The sur- 
rounding ah eoli were filled with tumor, and invasion of blood and lymph 
stream had occurred The small size of the tumor cells was noteworthy Mitotic 
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figures were abundant No ciliated cells were seen The pleura was greatly 
thickened The tumor here was composed of the same type of epithelial cells 
as the original growth 

Liver The tumor histology here was similar to that in the lung section 
The tumor masses were encapsulated, and the larger ones were undergoing 
central necrosis The other organs are not remarkable 

The pathologic diagnosis was primary carcinoma of the lung (left lower lobe, 
bronchial in origin) with metastases to the pleura, right lung, liver and regional 
lymph nodes, and leiomyoma of the kidney (right) 

In this case, the tumor, onginating m the bronchus, gave early 
metastases to the liver and possibly to the bones (The patient had pain 
in the back due apparently to the presence of tumor in the spinal column, 
which, unfortunately, was not examined ) The new growth was com- 
posed of small columnar cells The unusual increase m size of the 
liver, due to metastatic tumor was noteworthy (it weighed 6,363 gm ) 
A remarkable thing m this case was the patient’s gam m weight (from 
54 to 60 4 kg ), due appaiently to the increase m size of the tumors 
during the last twenty-five days of his life 

Case 3 — Hisloiy — A white woman, aged 57, entered the Peter Bent Brigham 
Hospital, March 14, 1923, with the complaint of pain in the lumbar region 
extending down the left leg to the knee, inability to walk and weakness of the 
right hand The family and past histories were not remarkable A tumor 
was removed from the breast twenty-five years before 

Onset of the present illness had been with a dull, persistent, bilateral lumbar 
pain five months before admission Two weeks later, the pain extended down 
the left anterior thigh There also was trouble in walking and night sweats 
for from eight to twelve weeks ( ? ), hemoptysis for two weeks, a spoonful in 
amount 

On physical examination the lungs were essentially negative The abdomen 
was spastic, and the left lower quadrant was definitely tender Several small 
nodules were found on the left side of the cervix The blood pressure was 
systolic 110, diastolic 60 

The hemoglobin was 85 per cent , leukocytes totaled 7,000 per cubic milli- 
meter, erythrocytes, 5,024,000 per cubic millimeter The spinal fluid was nega- 
tive Urine examination gave negative results Roentgen-ray examination 
showed an area of consolidation in the left base 

Following an operation for myoma of the uterus, the wound healed poorly, 
owing to infection The patient coughed up blood tinged sputum The tempera- 
ture was of a septic character She died after seventy-five days in the hospital 

Neaopsy — The necropsy was performed by Dr G Hansmann The body 
was that of a well developed and fairly well nourished, short female There 
was an edema of the ankles and legs The left breast was missing (There 
was an operative scar ) The axillary and supraclavicular glands were not 
palpable 

Pleural Cavities The pleura on the left side was adherent to the base 
On removing the pleura in this region, numerous tumor nodules could be seen 
in the intercostal muscles and below the periosteum of the rib 

Heart The heart, except for some warty, recent vegetation at the aortic 
valve, was not remarkable 

Lungs The right lung weighed 520 gm , the left, 580 gm The right lung 
was literally speckled with small, white, creamy nodules, which varied in size 
from 1 mm to 0 5 cm in diameter The peribronchial lymph nodes were not 
enlarged The left lung contained a large tumor mass in the left lower lobe 
and in the posterior axillary line just below the interlobar fissure The two 
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lobes were adherent by tumor In this area, the lung was contracted, owing 
to a tumor growth which caused a puckering of the pleura On section, the 
tumor mass radiated into the lung m various directions and was 6 cm in 
diameter On dissecting down the bronchus to the lung, it was found that 
near the tumor the bronchus was definitely roughened and the tumor seemed 
to be present in its wall Along the course of the bronchi and peribronchial 
lymphatics, numerous tumor nodules could be seen radiating to the root of 
the lung where very large lymph nodes were found The largest lymph node 
measured 5 cm in diameter This extended down the posterior mediastinum 
to the diaphragm The nodes at the lulum of the right lung were quite normal 
The liver weighed 1,335 gm, and was normally plastic and friable However, 
it was speckled with tumor nodules, measuring from 2 mm to 4 cm in diameter 

Suprarenals Both suprarenals were enlarged and, on section, thin supra- 
renal cortex could be seen surrounding grayish tumor masses 

Brain The brain weighed 1,300 gm In the left posterior parietal region 
was a tumor which arose at the site of the longitudinal sinus It measured 1 5 
cm in length and seemed to extend into the secondary sinuses somewhat It was 
definitely adherent to the dura by clot, and its base seemed in places to have infil- 
trated the dura When the calvarium was removed, it was found that in the 
skull, to the right of the frontal bone, was an elevated tumor mass 1 cm in diam- 
eter When the skull cap was held to the light, it showed areas of increased and 
decreased density, more marked than one sees in a normal skull, and perhaps 
evidence of smaller, not very well defined tumors The first lumbar vertebrae 
were compressed to 1 5 cm in width and also apparently contained tumor 

Mici oscopic Examination — Lungs The tumor was made up of columnar 
epithelium with an oval, vesicular nucleus and a deeply stained nucleolus The 
cells had an adenomatous arrangement and were supported by a fine stroma 
In sections taken from the bronchi, the tumor showed invasion of all of the 
coats The seromucous glands, however, were intact and were surrounded by 
a thick wall of small, round cells The circular muscle layer was markedly 
thickened The tumor invaded largely the capillaries An anthracosis was 
marked in only a few areas 

Suprarenals In the suprarenals, the tumor closely resembled that of the 
lungs, while in the liver the stroma was rather abundant and was dense and 
fibrous 

Brain The tumor was found as small nodules composed of the cells 
identical by their shape and arrangement to the new growth There was an 
absence of any reaction to the tumor The brain tissue seemed to have melted 
away before the tumor The cells were nowhere ciliated Mitotic figures were 
frequent 

The pathologic diagnosis was primary carcinoma of the lungs, metastatic to 
the brain, bones, pleura, liver and suprarenals 

In addition to the earh metastases to the bones, brain and other 
organs, this case was remarkable by the absence of any lung signs, on 
physical examination, m spite of the fact that those organs were exten- 
snely involved 

Case 4 — Hisioiy — A man, aged 55, entered the Peter Bent Bugham Hospital, 
Oct 23, 1921, complaining of severe headaches, tmmtis of the left ear, unsteadi- 
ness of gait, projectile \omitmg, difficulty in talking, hallucinations of death 
and Bell’s pals) He had always been healthy, up to September, 1921 The 
famiU histor\ was negative 

The present illness began suddenly, Sept 20, 1922, when the patient was 
brought home from his work with a paralysis of the left side of the face 
At the same time, he w r as disoriented to tune, place and person for a few 
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minutes Since that time, the patient had been very restless, wandering 
mentally, and his speech had been thick and hard to understand A few dajs 
later, he developed hallucinations of death, and projectile vomiting 

Physical examination showed an acutely emaciated man disoriented entirely 
as to his surroundings, time and also as to persons His face was flushed, 
and his eyes were bloodshot The objective findings could be summarized as 
follows 1 Restlessness and inability to cooperate 2 Bilateral blurring of 
the nasal margins of the disks 3 Protrusion of the tongue slightly to the left 
4 Marked flushing of the face 5 Blood pressure — systolic, 160, diastolic, 80 
6 The spinal fluid showing eleven cells and positive for sugar, negative for 
globulin, the blood Wassermann reaction, negative, hemoglobin, 90 per cent , 
leukocytes, 7,800 per cubic millimeter The temperature was normal Roentgen- 
ray examination of the head and sinuses did not show any abnormalities The 
patient died after sixteen da\s in the hospital 



Fig 1 (Case 4) — Primary carcinoma of bronchus, metastatic tumor lying 
beneath the cortex at the inferior and lateral aspect of the tip of the occipital 
lobe 

The impression was that alcoholic psychosis ( ? ) was present 

Neciopsy — The necropsy was performed by Drs G Hansmann and F 
Fremont-Smith, six hours post mortem The body was that of a well developed 
and nourished male On examination externally, it did not show any pathologic 
condition The peritoneal cavity, except for the liver, which contained a few 
tumor nodules, was not remarkable 

Pleural Cavities The left cavity contained 300 c c of blood tinged fluid 
The visceral pleura and the parietal pericardium were studded with tumor 
nodules A few nodules were seen in the parietal pleura The lymph nodes 
at the hilum were involved by tumor The pericardial cavity and heart were 
not unusual The heart and lungs weighed 1,410 gm The lungs were uniformly 
and very thickly studded with hard, gray nodules, 04 cm m diameter At 
the posterior aspect of the left lower lobe, the pleura was definitely puckered 
m toward the hilum When the lung was cut at this location, a gray tumor 
mass, 7 cm in diameter, was brought into view Some pus could be forced 




12 


ARCHIVES OF INTERNAL MEDICINE 


out of the bronchi on pressure The liver weighed 1,520 gm , and showed 
numerous small nodules, the largest being 7 cm in diameter A small nodule 
was also found beneath the serosa of the gallbladder 

Suprarenals The medulla of each suprarenal was replaced by a firm, gray 
growth which measured 2 cm in diameter The cortex was stretched around 
it, and appeared normal The kidneys, except for a large cyst m the left 
kidney, were not remarkable The other organs were normal 

Brain Tumor was found m the floor of the fourth ventricle on the right, 
in the right lateral ventricle on the surface of the caudate nucleus, beneath 



the cortex and at the inferior and lateral aspect of the tip of the occipital 
lobe (Fig 1) , in the center of the temporal lobe and also beneath the cortex 
Spinal Cord Ljing in the meninges, surrounding the cord at various levels, 
but most marked at the middorsal region, were firm, whitish plaques, about 
1 cm m breadth bv less than 1 mm in thickness The meninges were not 
adherent to the dura or to the cord at these points Sections of the cord 
at carious lei els failed to show intramedullarj metastasis On the posterior 
surface of the cord just below the foramen magnum, was a plaque similar to 
that described, but considerabh larger 

1/ir ; oscoptc Examination —The growth consisted of epithelial cells of the 
columnar t\oe supported bj a delicate stroma The arrangement was alveolar 
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with some projections into the lumma The cells varied considerably in size 
and shape, being, however, always columnar with a round or elongated nucleus 
and a centrally placed nucleolus Mitotic figures were frequent, especially m 
the secondary nodules The growth extended along the lymphatics, which were 
much dilated In general, the growth was solid, but in places it seemed to 
replace the epithelium of the alveolar walls, and free tumor cells were frequently 
found m the alveoli (Fig 2) The tumor cells did not contain cilia The 
sections showed bronchopneumonia also 



Fig 3 (Case 4) — Primary carcinoma of bronchus, invasion by tumor of 
the leptomeninges 


Liver and Suprarenals The tumor resembled the primary tumor in all 
respects The other organs were normal, with the exception of the kidneys 
which showed infectious nephritis 

Brain Sections showed the tumor lining large spaces in the leptomeninges 
(Fig 3) The tumor cells showed a tendency to arrange themselves about 
the blood vessels and to invade the cortex along the perivascular spaces The 
tendency to so extend was a prominent feature, and the extension was to a 
considerable depth in places Several sections showed a quite extensive growth 
within the cortex with accompanying softening of the cerebral cortex These 
growths were usually not far from the meninges and could have communica- 
tion with the meninges 

Cord Sections from the cord showed the same type of tumor enveloping 
the cord No invasion could be demonstrated 
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Dorsal Root Ganglion The tumor was compact about the nerve roots, and 
in one place grew right to the edge of the ganglion 

The pathologic diagnosis was primary carcinoma of the lungs with gen- 
eralized metastases to the brain, leptomeninges, suprarenals, liver and lymph 
nodes, solitary cyst of the kidney, healed infectious nephritis, broncho- 
pneumonia, and fibrous plaques of the pia arachnoid 

The features of remarkable interest m this case were The absence 
of any respiratory symptoms, the sudden onset of the disease with brain 
symptoms, and the unusually extensive metastases (brain, leptomeninges, 
pleura, liver, suprarenals and lymph nodes) The tumor grew in solid 
masses, and in only a few areas the arrangement was alveolar The 
cells were columnar, and mitotic figures were abundant, particularly m 
the metastases 

Case 5— (The history lacks details because of the patient’s poor knowledge 
of English and lack of cooperation ) K L , a man, aged 45, was admitted to 
the Cambridge Hospital with the complaint of severe headaches and pam in 
the back and neck Except for a cough for the last five years, the patient had 
always been well 

Eight days before admission, the patient began to feel an extreme headache, 
which had been almost continuous 

On physical examination, the left apex showed dulness with bronchovesicular 
breath sounds and fine rales The rest of the physical examination, except for 
an irregularity of the pupils (the right being larger) and an absence of 
abdominal reflexes, was negative 

During the staj in the hospital, the patient lost power in the left hand 
and dei eloped slight stiffness He died after seven days in the hospital 

A clinical diagnosis was not made 

Necropsy — The necropsy was performed by Dr Ash The body was that 
of a well developed and somewhat emaciated, white man The pleural cavities 
showed the right cavity to be free and the left to be obliterated m the upper 
third by dense adhesions The pericardial sac was free 

Lungs The left lung weighed 1,480 gm and showed the upper lobe to be 
the seat of a large, solid mass occupying the entire lobe except for about 
one eighth of the parenchyma along the anterior border On section, the 
mass was solid and light yellow In the outer portion of the mass, the 
anatomic lobules were well defined, but the alveoli were apparently completely 
filled On the very edge, there were small, scattered nodules, and the interven- 
ing tissue was fibrosed with possibly a few remaining uninvolved alveoli The 
mass was apparently from one point of origin and had advanced eccentrically 
and umformlj , reaching the pleura over a large surface, posteriorly and 
lateralh, but not invading it, and the interlobular surface Here, there were 
adhesions between the layers of interlobular pleura, but there was no invasion 
The pleura was distinctly thickened and, as mentioned, densely adherent, 
particularlj posteriorly 

When the bronchi were dissected to this lobe, the primary bronchus was 
found to be free, but the upper central division ended after a short distance 
blindly m the tumor mass The bronchial mucosa was completely ulcerated, 
and the presence of the bronchus was determined only by the cartilaginous 
rings The adjacent central bronchus was involved by infiltration with tumor, 
and a smooth, ovoid mass w'as present in the lumen From this gross examina- 
tion, it seemed most probable that the tumor was a carcinoma arising from the 
mucosa of the upper central bronchus of the upper lobe The lower lobe 
was crepitant and free, except for a small nodule m the lower portion 
posteriori} mi oh mg less than 1 cm of tissue, apparently metastatic from the 
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process in the upper lobe The vessels and bronchi, except as noted above, 
were free the bronchial glands on this side were distinctly enlarged, mottled 
yellow and black Those under the bifurcation of the trachea also were massive 
from metastasis The right lung weighed 860 gm It was voluminous and 
congested The pleura was smooth and glistening The heart weighed 300 gm 
and was normal The spleen weighed 290 gm and was enlarged and firm 
The gastro-intestmal tract, liver, pancreas and suprarenals showed no pathologic 
condition grossly The kidneys weighed, both, 280 gm and showed no pathologic 
condition The pelvises, ureters and bladder were free 

Brain In the cerebrum, the meninges were not remarkable The arteries 
at the base presented a few small plaques of intimal thickening There were 
several areas of increased resistance through the cortex The ventricles were 
not dilated On serial section through a horizontal plane, the following tumor 
masses were found One was in the right ascending frontal, 1 8 cm in 
diameter, involving chiefly the white matter and compressing the gray, it was 
well defined, light gray with a few fine red motthngs One was in the ascend- 
ing parietal, just above the middle, 1 cm in diameter and 2 cm long, parallel 
with the convolution, the upper portion was of a colloid appearance and 
involved chiefly the white and compressed the gray matter The third was 
in the right occipital, 4 cm m diameter, and involved the white and com- 
pressed the graj r matter just above the corpus callosum One was on the left 
side in the parietal lobe, 1 cm m diameter, and one on the right side, 1 cm in 
diameter, involving the white matter toward the mesial surface One nodule 
found m the right side of the frontal lobe was situated in the white matter 
and touched on the gray matter of the mesial surface 

In the cerebellum, a tumor mass, measuring 1 cm by 0 5 cm , was found 
on the right side in the center toward the lower surface 

Mtci oscopic Examination — Tumor of the Lung The tumor was made up of 
a columnar type of cell, usually with an alveolar arrangement, and enclosing 
masses of cells, more pleomorphic The cells were not ciliated There was 
no mucus There were great areas of necrosis and fat demonstrated in the 
necrotic cells The tumor was’ extending along the alveolar spaces The 
stroma was fibrous and was abundant in some areas In the less fibrosed areas, 
the tumor was growing in great masses of cells, having largely obliterated the 
alveolar structure of the lung The blood vessels were found to be invaded 
and thrombosed by tumor cells 

Bronchus One section from the bronchus, including the upper central 
branch of the primary bronchus of the lung, showed tumor cells growing in 
masses, infiltrating the submucosa The cells here showed much less of the 
columnar type Mitotic figures were more common Another section of the 
bronchus showed marked infiltration of the wall with destruction of mucous 
glands and cartilage 

Brain The cells were of the same tj'pe, individually and in arrangement, 
as those found in the lung Masses of tumor cells were here supported by 
a fairly well developed and quite vascular connective tissue stroma There 
was considerable necrosis of the tumor m the centers of the larger masses 
The striking feature was the lack of reaction in the adjacent brain tissue 
For the most part, the tissue seemed to be simply melting away before the 
tumor Phosphotungstic acid hematoxylin demonstrated considerable fibrin 
m the tumor, and there was a small amount in the adjacent brain tissue, but 
very little glial tissue except along the very edge of the cortex where there 
was a distinct zone of gliosis While there were very few glia fibrils, there 
were a number of the large glial cells, usually necrotic One section included 
a cyst in the subcortical tissue containing granular debris and fibrin, and 
lined with tumor cells, m some places single, in others piled up, particularly 
about the blood vessels There was somewhat more gliosis around this lesion 
than in the more solid nodule A section from the cerebellum showed the 
tumor to be identical to the cerebrum tumor 
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The pathologic diagnosis was primary carcinoma of the left lung with 
metastases to the bronchial lymph nodes and the brain, and bronchopneumonia 

The brain symptoms m this case also overshadowed those of the 
lespiratory tract The tumor m the lungs was apparently of long 
standing, but, on account of the patient’s chrome cough (five years’ 
duration), no particular attention was paid to these organs 

It is i emarkable that, in spite of the extensive involvement of the 
bram (cerebrum and cerebellum), the patient began to complain of 
cerebral symptoms only about fifteen days before death 


Case 6’— R D, a man, aged 37, entered the Boston Sanatorium, com- 
plaining of a sharp girdle pain in the right shoulder and right knee The 
family history was negative The patient had neuritis, eight years before, 
lasting for about three months and ostearthropathy for the last five years 

About three months before admission, the patient began to feel a sharp pain 
in the right shoulder, followed soon by weakness and loss of weight Six 
weeks later, he began to feel pain also in his right knee He had had diarrhea 
for the last three months He coughed very little and expectorated very 
little sputum 

Physical examination showed a well developed, slightly emaciated man 
The chest was asymmetrical, the expansion being diminished on the left side 
There was edema of the lower extremities The cervical glands were palpable 
The heart was normal The lungs showed moderate dulness and bronchial 
breathing from the apex to the fourth rib on the right side and to the midscapula 
on the back (right) Bronchial breathing and a few fine rales were heard 
at the apex on the left side The abdominal organs and prostate were negative 
The bones showed chronic hypertrophic ostearthropathy The reflexes were 
normal The temperature was around 100 F in the afternoons 

During his stay at the sanatorium, the patient developed pain along the 
spine and in the forearm For the last week, he was delirious He died 
three months after admission 

The clinical diagnosis was pulmonary tuberculosis, chronic ostearthropathy, 
blepharitis , tinea versicolor 

Ncciopsy — The body was that of a moderately emaciated, white man of 
tall stature The upper part of the chest and lower part of the abdomen were 
coaered with branlike scales (tinea versicolor) Just over the inner tuberosity 
of the right femur, a soft mass was felt which seemed to contain particles 
of bone Pleural cavities showed the left to be obliterated by adhesions at 
the very apex and in the lateral upper portion of the lower lobe The right 
was obliterated at the apex and for about 0 5 cm below laterally The heart 
was normal 

Lungs In the right lung, the pleura was smooth except over the posterior 
portion of the upper and adjacent upper fourth, w'here it and the parenchyma 
were torn in breaking adhesions The parenchyma was crepitant through 
the entire middle lobe, the anterior half of the upper lobe and all but the 
upper posterior fifth of the lower lobe This excluded tissue was the seat, in 
the anterior portion, of a uniform infiltration On cut surface, the tumor was 
grayish red with small, acllow mottling It was firm This tissue was con- 
tinuous in the two lobes through the interlobar pleura From the apex was 
shelled out a well circumscribed, white, firm mass, IS cm long and 1 cm in 
diameter The tissue behind this firm mass w r as red, necrotic, rather pultaceous 
and largeh ulcerated awaj to form a very irregular, indefinite cavity with 


IS This case was reported from the point of view of 
Dr Edwin \ Locke Arch Int Med 15 6S9 (May) \915 
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granular walls and without any fibrous reaction The overlying parietal pleura 
was infiltrated with tumor The ribs were not involved The remainder of 
the parenchyma was dark from pigment and richly supplied with blood The 
mucosa of the bronchi was deeply congested, the vessels were free and the 
glands anthracotic The left lung was voluminous but not heavy The pleura, 
except at the apex where it was adherent to the chest wall, was smooth and 
glistening The lung parenchyma was deeply pigmented black, generally \esicu- 
lar and crepitant throughout except for three small masses m the lower lobe 
The largest was just beneath the point of the pleural adhesion The second 
was located anteriorly toward the base, and the third was deep in the paren- 
chyma The cut surface of the lungs was dark and moist The mucosa of 
the bronchi was congested The vessels and lymph glands were free from 
tumor 

Kidneys The left kidney showed at the upper pole anteriorly a firm tumor 
nodule, measuring 2 cm in diameter, which apparently did not invoke the 
medulla The cut surface of the kidney was generally pale The cortex 
averaged 5 mm The markings were fairly distinct The right kidney was 
not unusual The spleen show r ed chronic tumor The liver shov r ed passive 
congestion The gastro-intestinal tract was free throughout The pancreas, 
suprarenals and prostate were normal 

Knee In the right knee, the tumor felt through the skm measured 6 b\ 
3 by 3 cm , and -was covered by thickened periosteum It was situated over 
the site of the inner tuberosity of the femur This and the adjacent portion 
of shaft under the tumor w r ere eroded to conform to its shape, and so deeph 
in the lower portion that the inner condyle w 7 as practically a shell There 
was considerable loosely clotted blood around the tumor The latter was not 
attached to the bone except by periosteum and could be shelled out of its 
nest m the bone without difficulty, leaving an area of porous bone exposed 
which w r as apparently not infiltrated by the tumor 

Head The posterior end of the left internal orbital convolution was 
adherent to the orbital plate of the frontal bone for an area 1 cm in diameter 
Where these adhesions ivere broken, the cortical tissue immediately beneath 
was soft and w'hite, with small yellow areas of mottling In the posterior 
portions of the middle frontal convolutions on both sides w 7 ere areas of 
similar cortical softening with this yellow 7 mottling In posterior portions of 
the upper frontal on the left side w 7 as a soft area but more grayish and without 
the yellow 7 These areas w 7 ere practically all of the same size, l e , from 1 to 
1 5 cm in diameter Similar areas of cortical softening also were disclosed 
in the left middle occipital, posterior tip of hippocampal, left ascending parietal, 
upper surface, right gyrus fornicatus, right lenticular nucleus, involving a 
small portion of the middle of the internal capsule, lower end of the ascending, 
frontal and parietal convolutions that cover the island of Red and extending 
into the contiguous cortex of the island, left marginal convolution, lower edge, 
and, finally, in the tegmentum of the pons 

Micioscopic Examination — The alveolar tissue in the right lung w r as dis- 
placed by tumor which consisted of columnar epithelium, the height of which 
depended apparently on the amount of compression These cells formed 
irregular alveolar-like spaces into which projected papilla-like elements In 
areas, the spaces were filled with tumor cells unattached to lining cells, much 
more irregular in size and shape and showing less the columnar type There 
were several spaces lined with young, regular, cuboidal cells, such as are seen 
in the fibrosed lung, showing only in places the malignant characteristics 
penetration and rapid, irregular grow'th No cilia could be found on am of 
the cells The tumor cells accumulated m the spaces seemed to be rather 
of a squamous type In one area, a thick-w 7 alled artery w 7 as found to contain 
tumor cells The stroma of the tumor w 7 as of a connective tissue type, w 7 as 
vascular and, in areas, thick w 7 ith some hyalmization In the left lung, sections 
taken from a small tumor nodule showed the growfih to be cellular and arranged 
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in nests, surrounded by a voung connective tissue The predominant type of 
cell here was squamous There was in the lungs an inflammatory reaction 
evidenced by the presence of vacuolated endothelial cells, a number of multi- 
nucleated cells and polymorphonuclears Mitotic figures were present in all 
sections 

Kidneys The tumor had an adenomatous arrangement and was composed 
of cuboidal cells The stroma was dense and fibrous 

Knee In the right knee, the tumor consisted of columnar cells having an 
adenomatous arrangement and squamous cells gathered m nests There was 
much necrosis in the sections 

Brain Sections from four areas of cortical softening showed practically 
the same picture The centers of the masses were necrotic, around this was 
a layer of tumor conforming closely m type of cell and arrangement to those 
of the parent tumor, 1 e, cylindrical cells arranged either in irregular alveolar 
and acinar-like spaces or forming tubes about the young blood vessels forming 
part of the tumor This extension along the arteries was quite striking, prac- 
tically every vessel (in the tumor area) being completely surrounded by one 
or more layers of tumor cells There was an occasional area in which the 
cells were more atypically squamous-like (Fig 4) The tumor had its own 
stroma of connective tissue which in areas formed fairly thick trabeculae, 
covered by one or more layers of tumor cells The areas were richly vascuolized, 
and there was definite penetration into the surrounding brain tissue by small 
groups of cells In some areas, the arrangement of young connective tissue 
and blood vessels resembled granulation tissue The heart showed focal and 
chronic interstitial myocarditis The liver showed chronic passive congestion, 
and the spleen, chronic tumor 

The pathologic diagnosis was primary carcinoma of the right lung (from 
bronchial mucosa) with metastases to the left lung, the left kidney, the peri- 
osteum of the right femur, and the lymph gland of the right knee, chronic 
passive congestion of the liver, chronic tumor of the spleen, and ossifying 
periostitis 

The patient’s chief complaint in this case was cough and pain in the 
chest and pam in the knee, the last due to a metastasis The brain 
metastases, as in the previous case, disturbed the patient only a shoit 
time before death Pathologically, this case is of interest m relation to 
the transformation (metaplasia) of columnar cells in the tumor into 
squamous (in the left lung) I shall discuss this question in connec- 
tion with Case 9 

Case 7 — W C N, a man, entered the hospital complaining of sore throat 
The familv and past histories were not obtainable Physical examination 
was negative except for local throat signs After entrance, the patient developed 
cough and pains m the chest, and raised purulent sputum A blood culture 
at that time showed streptococci The temperature was septic, and the white 
count increased The upper third of the right chest showed signs of con- 
solidation Roentgen-ray examination of the chest suggested either encapsulated 
cmpjema, organizing pneumonia or neoplasm 

The patient was operated on A solid lung was found which was tapped 
in all directions without obtaining pus Following the operation, the tempera- 
ture gradually returned to normal, but cough and pain in the chest persisted 
There was a gradual loss of weight and strength, and the respiration became 
difficult A \\ assermann reaction at this time was positive, and arsphenamin 
and lodid were given without improvement Six months after entrance, edema 
of the right arm and supraclavicular region developed The patient died 
seven months after entrance 

A. clinical diagnosis was not made 
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Neciopsy — The necropsy was performed by Dr Stoddard The body was 
that of a well developed, somewhat thin, but not greatly emaciated white man 
There was edema of the right arm and right supraclavicular fossa The lymph 
nodes were palpable The pericardial cavity, the mediastinum and the heart 
were normal 

Lungs The left lung was voluminous, emphysematous and contained no 
consolidated areas The right lung was adherent from the apex to the upper 
border of the fifth rib The part free from adhesions was compressed so 



Fig 4 (Case 6) — Primary carcinoma of the lungs, metastatic tumor in 
the brain cortex 

that the tip of the lower lobe rested in the left pleural cavity The upper 
two-thirds of the upper lobe was composed of a mass of soft material enclosed 
within a thickened pleura This portion of the lung was elevated about 4 cm 
above the level of the lung, and appeared to be tumor tissue On cut surface, 
this area was composed of soft, moderately coherent, whitish material The 
center of the mass was necrotic, semifluid, pinkish white and contained small, 
whitish, gelatinous bits of tissue The upper part of the lower lobe was firm 
and light in color The lower part was deep red and soft The posterior 
mediastinum, on dissection, showed several enlarged lymph nodes which on 
cut surface were pale, soft and fleshy The other organs showed no pathology 
in gross 
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Micioscopic Examination — Tumor Sections from the tumor showed poly- 

gonal cells with large, clear, round nuclei loosely grouped between narrow 
branching connective tissue septums The cells lay either singly or m groups, 
with distinct spaces between the cell groups, often containing polymorphonuclear 
leukocytes In many areas, the tumor cells were in all stages of necrosis 
The nuclei were pyknotic and fragmented or absent, and the cell protoplasm 
stained deep red with eosin Degenerated polymorphonuclear leukocytes mingled 
with this material Mitotic figures were numerous No cilia were seen in 
the cells Lung Sections of the lung below the tumor area showed the 

bronchi and alveoli filled with polymorphonuclear cells and fibrin and endo- 
thelial cells containing blood pigment The bronchial walls were necrotic 
Lymph node A section from a mediastinal lymph node showed definite 
invasion by tumor cells The spleen and liver showed passive congestion 
The pathologic diagnosis was primary carcinoma of the right lung (bronchial 
cell origin ? ) with metastases to mediastinal lymph nodes, organizing pneu- 
monia, chronic fibrous pleurisy, lung abscess, and chronic passive congestion 
of the liver and spleen 

Histologically, the tumor m this case did not differ from those 
previously described It metastasized only to the mediastinal lymph 
nodes From the clinical point of view, the history, physical examina- 
tion and the course of the disease were typical for a lung neoplasm 

Case 8 — Histoiy — W S, a man, aged 52, w'as admitted to the Boston Sana- 
torium, July 8, 1922, with the chief complaint of pain in the back and the left 
side of the chest, and cough for the last six months The past and family 
histories w r ere negative 

Six months before admission (January, 1922), the patient began to have 
pain in the back and in the left side of the chest, at first sharp, later dull , the 
pain v r as intermittent, lasting for about twenty minutes, and was worse on 
lying dowm, and was not related to meals or micturition Two months later, 
he had a cough productive of a moderate quantity of thin, white, mucoid sputum 
streaked occasionally with blood One day in March, according to the patient’s 
statement, he had a hemorrhage, coughing up one third of a glass of bright 
red blood Before entering the hospital, the patient w r ent to several clinics, 
and, in April, 1922, was admitted to the Massachusetts General Hospital His 
record u'hile there w r as as follows 

April 3, the history' of hemoptysis seemed definite, and suggested tuberculosis 
strongh He had lost little weight, and had few pulmonary syunptoms The 
right side of the chest showed an increased whispered voice at the apex, but no 
rales were heard The sputum had been blood streaked 

April 4, fluoroscopic examination revealed that the upper half of the left 
chest showed a marked decrease m radiability, apparently with a sharp lower 
border about the interlobar septum The trachea and the heart were displaced 
to the left The left diaphragm was fixed The left apex did not light up 
The right side showed considerable mottling around the root beneath the 
clavicle, otherwise, it was clear The right diaphragm moved normally The 
posterior mediastinum was obscured These changes probably represented 
an extensne destructive and fibrosing process m the right upper lobe with 
retraction of the mediastinal contents to the affected side On the left, the 
fine mottling suggested small bronchopneumonia areas 

April 5, chmcalh, the signs suggested fibrosis of the right apex with 
shrinkage while the right clavicle w r as thrown out There was distortion 
of the spine, draw ing the mediastinum to the right Sy r philis w r as excluded 
There was no e\ idence of new growth It was possible that there had been 
some chronic interlobar infection The chances W'ere in favor of chronic 
tuberculosis The diagnosis urns pulmonary' tuberculosis (chronic fibroid) 
April 9, the patient was discharged to the local physician 
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Physical examination, at the Boston Sanatorium, July 8, 1922, showed the 
patient a well developed but poorly nourished man The skin was dry, and 
was not jaundiced The upper part of the chest m front was covered with 
tinea versicolor The heart was negative In the lungs, the left apex was 
moderately dull, with a few fine rales , m the right, there was dulness and 
bronchial breathing from the apex to the inferior angle of the scapula, with 
increased voice sounds Below, to the base, there was flatness and a complete 



Fig 5 (Case 8) — Primary carcinoma of the lungs, roentgenogram taken 
about ten weeks before the patient died 

absence of breath sounds In the abdomen, the liver was felt 10 cm below 
the costal margin with a slightly tender and somewhat nodular edge The 
genitalia were negative The prostate was not enlarged or painful on palpa- 
tion In the bones, there was right lumbar scoliosis 

July 12, the patient was tapped, and 900 cc of straw colored fluid was 
withdrawn from the right pleural cavity 

The urine and stools were negative The sputum was negative on six 
examinations for tubercle bacilli The patient died after nine weeks in the 
hospital 

The clinical diagnosis was pulmonary tuberculosis 
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Necropsy — The necropsy was performed by me, six hours post mortem 
The body was that of a well developed and very poorly nourished white man, 
162 cm in length The skin had a cachectic hue The upper part of the chest 
was covered with tinea versicolor There was a slight scoliosis to the left 
in the region of the second and third lumbar vertebrae The legs were slightly 
edematous The pericardial cavity and heart were normal 

Lungs The left lung weighed 1,100 gm The organ had a normal color 
and was enlarged, partiallv covering the heart On palpation, it had a finely 
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Fig 6 (Case 8)- Primary carcinoma of the lungs, anterior aspect of the 
right lung, TP, thickened pleura 


granular feel, as if it were filled with very small glass beads Between the 
nodules, the lung was normal, being elastic and crepitant On section, the 
cut surface appeared to be peppered with disseminated, grayish nodules, from 
2 to 3 mm in diameter, which gave the lung a coarsely granular feel The 
mucosa of the bronchi w r as congested, but did not show any evidence of invasion 
- tumor The vessels were not remarkable on gross examination The right 
lung weighed 600 gm The organ was contracted, and occupied only the upper 
part of the pleural cavitj On palpation, the lung was firm and had a 
somewhat beef) feel The surface of the lung w r as smooth and glistening 
t the apex, the pleura, which w r as here about 0 5 cm in thickness, was firmly 
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adherent to the lung, and the whole lung looked as if it were suspended in 
the pleural cavity by its apex (Figs 6 and 7) On section, the lung somewhat 
resembled a pneumonic lung in the stage of red hepatization Scattered all 
over the organ, but most marked at the apex, small grayish white nodules, 
one-half cm in diameter, were seen The bronchi and larger vessels were 
macroscopically free from any tumor invasion, and, except for a congestion, 
appeared normal In some smaller vessels, grayish, pm-point elevations were 
conspicuous and seemed to be tumor nodules The bronchial lymph nodes 
were enlarged and firm When the left lung was removed, a tumor mass was 



Fig 7 (Case 8) — Primary carcinoma of the lungs, posterior aspect of 
the right lung, B, bronchus, P, pericardium 


found m the pleural cavity, measuring 7 by 3 by 2 cm It had a coarse 
appearance, and was hard and resistant to the knife The whole mass was 
situated under the periosteum of the fourth rib on the left, beginning at the 
junction of the latter with the vertebral column Several small nodules of 
the same character were found on the same rib The mediastinal lymph nodes 
were large and firm, due to invasion by tumor The pleura, on both sides, 
was thickened and contained tumor nodules The liver weighed 1,800 gm , and 
extended 12 cm below the ensiform process At the lower margin of the right 
lobe, a tumor mass, about 6 cm in diameter, was found The new growth 
was grayish white, resembling in color a freshly cut slice of bacon In the 
neighborhood of the large tumor mass, and scattered all over the organ, several 
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small nodules, from 0 5 to 2 cm m diameter, closely resembling the main tumor, 
were found The capsule of the liver did not seem to be thickened The 
large veins did not contain any visible tumor masses The gallbladder was 
slightly distended with bile, and its mucosa did not contain scars or ulcerations 
The ducts were patent The pancreas weighed 100 gm , and was essentially 
negative The kidneys showed passive congestion The suprarenals, gastro- 
intestinal tract, genitalia and aorta were normal 



Fig 8 (Case 8) — Primary carcinoma of the lungs, tumor cells replacing 
the normal alveolar lining, alveoli distended and alveolar walls greatly 
thickened 


Microscopic Examination — Lungs In the right lung, the tumor was made 
up of epithelial cells which varied in shape from cuboidal to columnar The 
citoplasm of the cells was large and irregular, and their nuclei vesicular, 
round or somewhat oval, containing from 1 to 2 eccentrically situated nuclei The 
tumor was confined exclusivelj to the alveoli, m which the normal alveolar 
lining was replaced by tumor cells (Fig 8) The whole lung showed a very 
marked sclerosis, due to the deposit of fibrous tissue stroma of the epithelial 
tumor which had invaded the alveoli, leading to marked thickening of the 
alveolar wall Due to this process, there was much hemorrhage, and the 
alveoli contained hemosiderin Some alveoli were filled with coagulated serum 
and debris Cells, singlv and in clumps, with a tendency to form alveoli were 
found Scattered over the sections, a Ivmphocytic infiltration w r as seen with 
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patches of necrosis There was an invasion of the pleura by tumor, the cells 
of which resembled closely those of the lung and arranged themselves m small 
acini The pleura was very much thickened and consisted of dense fibrous 
tissue In the left lung, the tumor was scattered throughout the whole section, 
and the tumor nodules varied in size from individual tumor cells to tumor 
masses, from 1 to 2 mm in diameter The tumor cells here did not differ from 
those in the right lung by their tinctorial properties, morphologic character 
or arrangement In many areas, tumor had broken into the alveoli, replacing 
their normal lining and producing some fibrosis Tumor was found in some 
small vessels and in general was very conspicuous alongside the vessels, 
probably in the perivascular lymphatics which were markedly dilated Mitotic 
figures were quite frequent In places free from tumor, except for an emphyse- 
matous distortion of some alveoli, the lung proper presented a fairly normal 
appearance The pleura on this side also was thickened and invaded by tumor 
cells, arranged in duct-like manner with distended lumina The remainder 
of the pleura consisted of dense, fibrous tissue The vessels in both lungs 
were engorged with blood The bronchi and bronchioles showed the epithelial 
lining partly desquamated in areas No inflammatory or hyperplastic changes 
could be found here 

Rib Here also the tumor had the same alveolar arrangement and the 
same type of cells It differed from the growth in the lungs in that the alveoli 
were in general much larger, somewhat resembling cysts, and the connective 
tissue stroma was rather abundant 

Liver The main tumor in the liver was made up on the same type of 
cuboidal or columnar epithelial cells and also was arranged in acini The 
other organs did not show any noteworthy microscopic changes 

The pathologic diagnosis was primary carcinoma of the right lung (probably of 
alveolar origin) with metastases to the left lung, pleura, rib and liver, hemo- 
thorax (right), sclerosis of the right lung, chronic fibrous adhesive pleuritis, 
and passive congestion of the spleen and kidneys 

The histogenesis of the tumor is of interest It was judged that the 
tumor originated in the epithelium lining the alveoli, replacing the 
normal alveoli lining and leading to a sclerosis of the lung with a 
marked thickening of the alveolar walls (Fig 8) The possibility of 
such an origin has been much discussed and contested by many authors 
Ewing, 1 Menetner 4 and the greater majority of pathologists, howevei, 
include this type of long carcinoma in their classification The tumor is 
classified as “of alveolar origin” on the gross and microscopic pictuies 
Microscopically, no signs of new giowth could be detected in the larger 
or smallei bronchi after a long and careful search The tumor was not 
confined particularly to the bronchial submucosa — the usual place of 
ongm of mucous gland cancers Microscopically, the replacement of 
the alveolar lining by tumor cells was diffuse throughout the entire 
organ, instead of having occurred in only a few areas, as is seen occa- 
sionally in “bionchial origin” tumors (Fig 2, Case 4) The gross 
appeal ance of the right lung m this case is of interest and is unusual 
(Figs 6 and 7 ) From the clinical point of view, the case is typical, 
with its gradual onset, course and duration 

C ASE 9 1-hsioiy — A B, a man, aged 64, entered the Peter Bent Brigham 

Hospital, May 6, 1923, complaining of cough and fever The family lnstorv 
was not’ remarkable Fourteen months before, he had some wheezing and 



26 ARCHIVES OF INTERNAL MEDICINE 

shortness of breath, lasting for about six months He entirely recovered from 
this and was well, until six months before, when he began to have an unpro- 
ductive but very distressing cough which varied with the weather, being 
worse during a cool spell and increased by exertion This had kept up ever 
since with very little sputum, but, on one occasion, he had hemoptysis The 
only pain he had had was substernal and m the epigastrium after paroxysmal 
coughing He had lost 10 pounds (4 5 kg ) in the last year The roentgen-ray 



Fig 9 (Case 9) — Epidermoid carcinoma of bronchus, posterior aspect of 
both lungs, trachea and main bronchi, tumor m right (wider) bronchus and 
right lung 

examination, two months previous to his admission to the hospital, showed 
a rounded shadow just to the right of the heart shadow, suggestive of a 
mediastinal tumor 

Ph> sical examination showed dulness over the right lower lobe with increased 
breath sounds, normal whispered voice and decreased tactile fremitus m this 
area The heart was apparently displaced to the right The temperature was 
ranging between 998 and 103 8 F 

The blood Wassermann reaction was negative The sputum was muco- 
purulent and was negative for tubercle bacilli The stools and the urine were 
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negative The hemoglobin was 98 per cent The red blood cell count was 
4 ,870,000 per cubic millimeter, and the white cell count, 19,000 per cubic milli- 
meter The differential count was normal The roentgen-ray examination, 
on entrance, showed marked clouding of the right base The heart, trachea 
and mediastinum were displaced to this side The “rounded shadow” originally 
noted was not evident at present, apparently being obscured by the heart shadow 
The patient remained in the hospital twenty-two days, during which time 
he lost about 10 pounds (4 5 kg) in weight Except for signs of a very 
slight amount of fluid in the right chest, the clinical picture did not change 
He was discharged, May 28, unimproved 



Fig 10 (Case 9) — Epidermoid carcinoma of bronchus, showing tumor 
nodules covering the exposed heart, IV, tumor nodule 

The clinical diagnosis was malignant disease of the mediastinum 
June 13, he was readmitted to the hospital On physical examination, no 
marked changes were noted The patient remained in the hospital three days, 
and was discharged with the diagnosis of carcinoma of the lungs At home, 
he developed occasional hemoptysis The cough and fever continued He 
died, April 18, 1924 

The clinical diagnosis was primary carcinoma of the lungs 
Neciopsy — The necropsy was performed by Dr S B Wolbach, fifteen 
hours post mortem The body was poorlv nourished and did not show any 
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marks worthy of note The peritoneal cavity, except for the presence of about 
750 cc of clear, yellow fluid, was not remarkable The pericardial cavity 
was distended with about 150 c c of a dark red fluid containing flecks of 
fibrin The pericardial surfaces, parietal and visceral, were covered with a 
red, shaggy, adherent, fibrinous material The heart was normal m size The 
striking feature of the organ, m addition to this fibrinous exudate, was the 
presence of several, from fifteen to sixteen, elevated nodules, from 4 to 12 mm 
in diameter, which were distributed fairly uniformly over the right and left 
ventricles (Fig 6) On incision, they were white, fairly firm and regular, 



Fig 11 (Case 9) — Epidermoid carcinoma of bronchus, P , pearl formation 


and pressure caused to exude droplets of white material, which subsequent 
microscopic examination showed to be keratinized and necrotic epithelial cells 

Chest The ribs and sternum were adherent on the right side to a thickened 
pleura along the anterior border of the right lung, and to a hard, firm mass 
overlj ing the ascending aorta The tissues at the anterior mediastinum were 
edematous The right pleural cavity was entirely obliterated by very dense 
tissue The left cavitj was free and contained about 1 liter of clear, deep 
rellov liquid 

Lungs The right lung was freed by stripping the parietal pleura, and the 
lungs and heart were removed en masse with the right side of the diaphragm 
The pleura o\er the posterior border of the right lung ranged from 3 mm to 
6 mm m thickness, and consisted of dense, white, fibrous tissue with firmer 
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white plaques, from 2 to 4 mm thick, composed of friable tumor material 
There were a few pigmented lymph nodes at the anterior border of the 
diaphragm which contained numerous white nodules On opening the trachea 
and bronchi, the trachea, except for deep injection, was normal The left 
primary bronchus also was normal The right was practically occluded 2 cm 
below the bifurcation Anteriorly, the wall of the right primary bronchus 
was replaced by a friable, white tumor tissue which, on pressure, exuded soft, 
white material which, on subsequent examination, proved to contain desquamated 
epithelial cells, the largest part keratinized (Fig 11) The only branch of 
the right primary bronchus that could be found was one leading to the upper 
part of the right lobe, and the orifice of this bronchus was nearly completely 
occluded by tumor tissue Below, the bronchus ended abruptly in a mass of 
friable tumor, from 1 to 3 cm in thickness, which extended downward along 
the inner posterior margin of the lung for a distance of 8 cm Anteriorly, 
the tumor, which had replaced the wall of the primary bronchus, extended 
by direct continuity over the anterior surface of the aorta, forming a layer, 
1 cm thick, which extended upward over the ascending portion of the arch 
Two parallel incisions were made through the posterior borders of the lungs 
and showed that the whole lung was atelectatic, with here and there small 
bronchiectatic cavities The whole of the upper lobe was tough and fibrous in 
consistency, and in the peripheral portion of the lung were a few nodules, a few 
centimeters in diameter, of friable tissue These tumor nodules were most 
abundant in the lower lobe The left lung was not incised On the inner 
surface of the lower lobe, that is, in contact with the pericardium, there were 
two plaques of tumor, each a few millimeters thick and 1 cm m width The 
head was not opened The other organs were normal 

M\ci oscopic Examination — Lungs The tumor grew without any definite 
arrangement Nests or masses of cells were scattered over the sections sur- 
rounded by thick bands of dense fibrous tissue The tumor cells individually 
were large, polygonal or elongated and irregular in outline The cytoplasm 
was finely granular and stained in blue The vesicular nucleus occupied the 
greater part of the cells, was large, rich in chromatin and contained a centrally 
located, very deeply stained nucleolus The cells varied slightly in size Large 
cells with many'- nuclei, resembling giant cells, were encountered here and there 
In many areas, mostly in the center of the tumor masses, the cells had a tendency 
to arrange themselves in concentric layers and were conspicuous Here, the 
cells were usually larger than the tumor cells, their cytoplasm was stained 
deep red with eosin, and the nucleus seemed generally to be smaller These 
masses of cells had the typical appearance of a cornified epithelium met with 
in the so-called “pearls” of the epidermoid carcinoma Here also there was 
a definite tendency to “pearl” formation (Fig 11) These keratinized masses 
were sharply demarcated from the rest of the tumor Wide areas of necrosis 
were seen m practically all sections The lung tissue adjacent to the tumor 
but free from the new growth, showed extensive fibrosis, m areas dense and 
avascular, in areas rather loose and richly supplied with blood Large endo- 
thelial cells loaded with a brown pigment were disseminated occasionalh 
among the tumor cells and, more conspicuously, in the preserved and compressed 
or distorted alveoli Anthracosis and round cell infiltration was seen here 
and there The pleura showed invasion by tumor which showed the character- 
istics of the main tumor The lymphatics were greatly distended by tumor 
nodules, which occupied the greater part of their lumen 

Esophagus The tumor here was confined to the muscularis mucosa and 
submucosa and was identical to the lung tumor It was sharply demarcated 
from the normal tissue The esophageal mucosa was intact Mitotic figures 
in the mam tumor, as well as in the metastases, were of a rare occurrence 
From the gross appearance and histologic examination, it was judged that the 
tumor was a slowly growing epidermoid carcinoma originating m the mucosa 
of the right bronchus The spleen showed amyloid infiltration The lner 
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showed passive congestion and slight central necrosis The kidneys showed 
slight arteriosclerotic changes The other organs were normal 

The pathologic diagnosis was epidermoid carcinoma originating m the 
right primary bronchus with metastases to the pleura, left lung, heart, regional 
lymph nodes’ and esophagus, hydrothorax (left), hemopericardium , ascites, 
amyloid degeneration of the spleen, and passive congestion of the liver 

It will be noted that the tumor m this case was a slowly growing 
epidermoid carcinoma originating in the right bronchus Since the 
bronchi are normally lined with columnai ciliated cells, the squamous 
type of cells in this kind of tumor is believed to be due to a conversion 
of the columnar cells This conversion or metaplasia is defined as “a 
transformation of one well characterized tissue into another equally 
well chaiacterized but morphologically and functionally different ” This 
transformation is, however, limited to epithelial tissues only The 
intimate mechanism of this conversion is, as yet, under discussion It 
is observed, however, that metaplasia of epithelium is always due to a 
previous long standing chiomc irritation, viz, inflammation A typical 
example 'of such a transformation is seen in leukoplakia of the tongue 
Richey 10 repoited a case of leukoplakia of the pelvis of the kidney due 
to a chronic colon bacillus inflammation Wells 17 described a case of a 
primal \ squamous cell carcinoma of the kidney, and considered renal 
calculi which were present in this case to be the direct cause of the 
metaplasia which ultimately resulted m malignancy Wells produced 
evidence to show that “metaplasia involves not only a morphologic but 
a chemical transformation of the cells” Haythoin 18 observed meta- 
plasia of bronchial epithelium in three cases of unresolved pneumonia 

The tumor m the case repoited grew very slowly, the duration of the 
disease being about sixteen months 

Case 10 — History — J E C, a man, aged 38, a gardener, entered the Peter 
Bent Brigham Hospital, July 2, 1924, with the complaint of progressive weakness 
and loss of weight The past and family histories were negative 

The present illness began, eight months before admission, when he noticed 
that he was getting unusually weak, and at the same time his friends called 
attention to the fact that he was getting very thin Within the following two 
months, he lost 20 pounds (9 kg ), 10 pounds (4 5 kg ) of which he has regained 
in the last six months, by not working, as he said His appetite became poor 
about three weeks before One week before, he began to swell up in front 
of the left shoulder For three or four weeks, he had had a cough, coincident 
with a cold The cough was present only in the afternoon, and he raised 
slight quantities of normal looking sputum He had become so weak that he 
could hardly sit up in bed He had been hoarse for one month He had 
noticed clubbing of his fingers, the left hand particularly, m the last two weeks 

Physical examination showed a fairly well developed and very poorly 
nourished cachectic man There was an edema involving the left shoulder 
and apex re gions The expansion of the chest was less marked on the left 

16 Riche}, D G J Lab &. Clin Med 5 635 (July) 1920 

17 Wells, H G Arch Surg 15 356 (Sept ) 1922 

18 Ha} thorn J Med Res 21 593, 1912 
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The respiration was 26, and of shallow depth The thorax was nanow and 
ptotic The hcait and aoita showed no pathologic condition The pulse was 
110, and was even and regular The arteries were not remarkable The veins 
were dilated in the left aim and neck, and slightly in the right arm The 
blood pressure was systol ic 85, diastolic 65 

In the lungs the expansion v r as diminished on the left side On palpation, 
no friction rubs were hcaid Vocal fremitus w'as diminished on the left side 


1 

) 



Fig 12 (Case 10) — Carcinoma of the left lung (Courtesy of Di M 
Sosman ) 


and practical!} absent posteriorly On percussion of the left side, the note 
w'as flat from the apex to the angle of the scapula, and dull dovm to the lower 
border and to the posterior axillaiy line Antenoily, it was dull at the apex, 
up to the second inlci space, below' that, normal for an interspace and then 
markedly tympanitic up to the base and along the axillae, as if there were 
air beneath the pleural cavity On auscultation, the left side showed pos- 
teriorly diminished bronchial breathing at the apex down to the angle of 
the scapula Below' that, for a stretch of two oi three interspaces, the breath 
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sounds were purely bronchial and close to the ear , at the base, there was 
distant bronchial breathing The whispered voice corresponded Anteriorly, 
the breath sounds were bronchial down to the third interspace, and below 
that to the base, there was distant bronchial breathing The right side did 
not show any pathologic condition The voice did not sound abnormal The 
rest of the physical examination, except for the clubbed fingers noted, which 
were more marked on the left, was not remarkable 

Roentgen-ray examination of the chest, June 10, showed (Fig 12) a large, 
smooth, dense shadow occupying the upper third of the left lung, extending 
as low as the eighth rib posteriorly, along the border of the spine and m the 
third rib in the axillary line Fluoroscopically, this mass did not pulsate, 
was not connected with the esophagus, displaced the trachea very slightly and 
showed no fluid level The adjacent ribs and spine all appeared normal The 
impression of the roentgenologist was that there was a tumor, probably arising 
in the lung, possibly metastatic 

Reexamination of the chest, July 7, showed a marked generalized haze over 
the entire left half of the thorax, with a sharp, pleural line along the left 
axilla, which was characteristic of fluid in the pleural cavity The heart, aorta 
and trachea were displaced to the right Fluoroscopy showed paradoxic 
movements of the diaphragms, the left rising and the right falling at inspiration 
(The latter suggests bronchial obstruction on the left ) The definitely out- 
lined shadow previously seen could not be identified 

The blood Wassermann reaction was negative The leukocytic count was 
16,000 per cubic millimeter , the erythrocytes were 2,800,000 per cubic milli- 
meter 

July 5, the patient was tapped, and 1,200 c c of an opalescent fluid was 
removed, which showed a specific gravity of 1 010 and 100 per cent mononuclear 
cells 

Tuly 10, a second thoracentesis was attempted Fluid could not be obtained 
On suction, a few small pieces of necrotic material were obtained, and were 
sent to the pathologic laboratory The pathologic diagnosis was carcinoma 

Due to a secondary infection, the patient ran a septic fever He remained 
in the hospital twent}-two days and died 

The clinical diagnosis was carcinoma of the left lung 

He had had previous hospital entries at Newton Hospital and at Huntington 
Memorial, Boston, recently No diagnoses were made there 

Neciopsy — The necropsy, performed by Dr H Pinkerton and myself, showed 
a very poorly nourished, cachetic, white man, measuring 170 cm in length 
The external examination revealed clubbed fingers, more pronounced on the 
left, a large decubitus over the sacrum, a slightly prominent abdomen, and 
a hard, palpable lymph node in the right axilla Otherwise, the external 
examination of the body was not remarkable A primary incision revealed only 
slight traces of fat over the chest and abdomen The peritoneal cavity con- 
tained 150 c c of clear, straw colored fluid A membranous exudate about 
2 mm in thickness was found overlying the lower portion of the sigmoid colon 
Between the hepatic and the splenic flexures, the colon was extremely ptotic, 
hanging down to the brim of the pelvis A calcified lymph node 1 cm in 
diameter was found in the mesentery of the small intestine, containing some 
cheesy material 

Pleural Cavities The right cavity contained about 100 cc of a clear 
lellowtsh fluid The cavity was free throughout Both the parietal and 
•usceral pleurae were smooth and glistening, and showed no inflammatory 
changes or in\asion bj tumor The left cavity contained about 300 c c of 
fluid similar to that found on the right side The cavity was free, except at 
ie apex an posteriori}, particularly along the spine and posterior chest wall 
where it was obliterated In extremel) strong adhesions The left lung appeared 
normal in front and in the axillary region from the beginning of the third rib 
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dow nw ard , posteriori} , onh the lower lobe was free from tumor The visceral 
pleura in the areas untouched by new growth was normally thin and trans- 
lucent, and the lung was rather pale and slightly emphysematous The lungs 
and heart were separated from the pleural cavity en masse 

0 \\ mg to strong adhesions, the apical part of the tumor and that part along 
the spine were torn on removal, a portion being left in the chest When the 
Msceral pleura was thus torn, it seemed that the tumor walled oft by the 
pleura shelled out from the latter and appeared twice as large as seen in situ 



Tig 13 (Case 10) — Epidermoid carcinoma of left lung, showing anterior 
aspect ol both lungs, tumor is seen above the line 

The tumor was grayish white, moderately firm and somewhat friable It w r as 
composed of one large mass and on the surface in front, a couple of nodules, 
from 3 to 5 cm in diameter, were seen The tumor w'as sharply demarcated 
from the lung parenchyma 

Trachea and Bronchi The trachea appeared normal Its mucosa w'as pale 
and covered with a colorless, frothy fluid The right bronchus and its divisions 
showed no changes The mam stem of the left bronchus entered as usual the 
lower lobe of the lung and its dissected ventral and dorsal branches w r ere 
patent and contained no pathologic condition The first branch of the left 
bronchus (normally distributed to the superior lobe) w r as normal throughout 
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Two of its larger mtrapulmonary branches, the lower and middle, were patent 
and appeared normal only for about 3 cm and were occluded at the end by 
tumor The other lntrapulmonary branches distributed in the superior part of 
the upper lobe could not be traced at all, being entirely surrounded by tumor 
and destroyed 

Lymph Nodes The tracheal, tracheobronchial and mediastinal lymph nodes 
were carefully investigated and did not show any invasion by tumor The 
nodes below the bifurcation seemed to be enlarged, without, however, any 



Fig 14 (Case 10) — Epidermoid carcinoma of left lung, showing posterior 
aspect of both lungs, LB, left bronchus, MS, main stem of left bronchus 


tumor invasion The third and fourth ribs at the junction of the vertebrae 
and two thoracic vertebrae were eroded in areas of the tumor attachment, but 
no imasioii of the bone could be demonstrated The other organs, carefully 
examined, did not reveal the presence of any new growth or other noteworthy 
changes 

Microscopic Examination — Lungs Sections taken from different parts of 
tlic tumor showed the tumor to be composed of polyhedral cells having a large 
citoplasm and a voluminous vesicular nucleus These were arranged in columns 
and strands from 2 to 3 cells broad, which anastomosed and branched In 
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■one section, the cells had a somewhat tubular arrangement, showing their 
nuclei compressed, pushed toward the periphery and having a rosette-like 
appearance In another section, the tumor was rather solid, being arranged 
m small clumps of cells or short rows of single cells The cells contained a 
great variety of inclusions, resembling in areas “parasites” described by 
some writers, and, occasionally, so-called “bird’s eye” inclusions Round 
globules of a different size stained in black with methylene blue eosm were 
conspicuous all o\er the sections There was no definite keratimzation or 
pearl formation, but only a tendency to this, particularly in the centers of 
the larger clumps of cells A great deal of fat was seen in the cells, as 
well as between the cells The stroma of the tumor consisted of a loose, 
edematous connectnc tissue infiltrated with small round cells, and here and 
there with single tumor cells The tumor w'as sharply demarcated from the 
lung parcnchjma, which showed compression of the alveoli and thickening of 
the aheolar wall Mitotic figures were seen rarely The fymph nodes showed 
no signs of tumor The other organs, except for the kidneys which showed 
an carh parenchimatous nephritis, were not remarkable 

The pathologic diagnosis was epidermoid carcinoma of the left lung of 
bronchial origin, chronic adhesne fibrous pleuritis, hydrothorax (bilateral), 
peritonitis decubitus clubbed finger, and cachexia 

Nine months before death, the patient began to complain of progres- 
sne weakness and of loss of weight These complaints weie the leitmo- 
tif of the entire clinical history The duration of the disease was cer- 
tain!} much longei than nine months, and, as in the previous cases, its 
real onset was impossible to determine Of a paiticular interest in this 
case was the absence of any complaints refeiable to chest organs cough, 
hoarseness and pain in the chest It wall be seen that the symptoms, 
loss of weight and weakness, w r ere characteristic of malignancy anywhere 
in the bod} On stafl lounds, the Msiting physician demonstrating the 
case said, “It is unusual to hate a pi unary giowth m the lungs without 
cough as the most outstanding feature ” By analyzing the cases here 
repoited, one will see th.it cough was present only m Cases 7 and 9, but 
was not, howeier, a piomment featnie even m these cases This case, 
once more, outlines the “clinical pol} morphism,” so to speak, of primary 
lung cancer, and the at\ pital course it usually runs 

The diagnosis, in this case, w r as made on a rather incidental “biopsy,” 
due to a suggestion from the pathologic department to insert into the 
chest a larger needle and to tiy to aspne some tumor material for patho- 
logic diagnosis 

The pleural fluid obtained at necropsy and examined by myself after 
it had been centrifugalized (a smear stained with methylene blue), in 
addition to small lymphocytes, showed also epithelial cells of an unmis- 
takably malignant natuie It w^as remarkable that whereas the lympho- 
cytes, in the smears, were ahvays single, the tumor cells were gathered 
almost ahvays in clumps of five or seven 

Iiistopathologically, the tumor, as m Case 9, was classified as a slowly 
growing epidermoid carcinoma originating in a small branch of the left 
bronchus If did not metastasize This is the second case, in the series 
of ten reported, diagnosed antemortem 
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COMMENT 

1 M ( tastasiw — The occurrence of metastases m pnmaij lung car- 
cinoma was leported b) man) obseners In 374 cases reported by 
Adler 2S0 ga\e metastases In ordei of frequenc), the legional lymph 
nodes lnei, pleura and lungs occup) first place, while the brain and 
bones are \en much less frequent 

It -will be seen from the accompam mg table that in all but four 
of the cases leported here, there weie metastases to the brain and 
bones In one instance (Case 1). the tumor invoked the medullai) poi- 
tion of the vertebra without pioducmg any changes m the outline of 
the bone Such an incidence demonstrates the ease with wdnch bone 
metastases can be o\ ei looked In tw o instances, the biam and the bones 
were imohed , in one. the bones and the fifth nene, and, in another, the 
brain and leptomeninges The imasion of a nene was reported by 
Kretchmer and also b) Scott and Forman 10 (the tenth) Passlei, 
quoted b\ Scott and Foiman, descnbed extensions of the tumor into the 
‘larger ner\es The appearance of the metastases is apparently early 
and, as we shall see latei the) mask the whole clinical picture 

The anal) sis of the cases shows that, in Case 1 the first symptoms 
were duected toward the nene and bone In Case 2 the chief complaint 
was abdominal pain due appaientl) to the li\er metastases, in Case 3, 
it was lumbar pain, due to imasion of the lumbai vertebiae In 
Case 4, the brain svmptoms were the sole complaint In Case 5, the 
chief complaint was severe headaches and pain in the back, due to brain 
and bone metastases In Case 6, pain in the knee was due to metastasis 
Case 7 gave metastases onlv to the regional lvmph nodes In Case 8, 
in addition to the characteristic pain in the chest, there was a sharp pam 
in the back (spinal metastases) wdnch occurred about ten months before 
death 

The importance of such facts is evident in relation to recent progiess 
m mtrathoracic surgerv 20 

2 Clinical Classification — Clinically, primary carcinoma of the 
lungs is classified in two -varieties (Adler, Osier) (1) an acute gallop- 
ing pleuropulmonic form which runs a very lapid course, from six to 
twehe weeks, an example of this type of tumor was recently reported 
In Bergmark and Quensel , 21 (2) a chronic pleuropulmonan caicmoma 
w Inch includes the bronchopulmonar) type, the mediastinal type and the 
pleuritic t) pe 

As it was pointed out, the tumor possesses not onl) a vigorous metas- 
tatic power, but its metastasis is very early and most of the symptoms 
are due to metastatic mvoh ement 

19 Scott, E, and Forman, J Med Rec 90 452 (Sept 9) 1916 

20 Lilienthal, H Malignant Tumor of the Lung Necessity for Earlv 
Operation, Arch Surg 8 308 (Jan ) 1924 

21 Bergmark and Quensel, F Acta med Scandinav 59 710, 1923 
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Because of this property, the clinical picture may be divided into 
two groups typical — with the chief complaint concerning the chest 
organs, and atypical — with symptoms due to metastatic involvement 
The difficulties in the diagnosis of the atypical cases, and they are 
apparently commonest, are often insurmountable Only the skill of the 
clinician and some unexpected “accident” lead to a correct diagnosis in 
such cases Ameuille 22 reported a case of primary lung cancer recently 
which gave a typical clinical picture of lung abscess The roentgen-ray 
examination was not confirmatory At operation, pus was found in the 
thoracic cavity and the French clinician simply, as he says, made a 
smear from the pus “par curiosite” which, however, revealed that he 
was dealing with a carcinoma He labeled his case as a “cancer pul- 
monaire a forme d’ abses ” Of twenty-nine cases reported by Cottm, 
Cramer and Saloz,® a correct diagnosis was made m only 20 per cent 
Of eight cases, Cramer and Saloz made a correct diagnosis m six 
instances, or m 75 per cent The authors add that the encouraging 
diminution in eiror “s’explique dans la plupart des cas par de petits 
accidents accessoires qui nous out mis sur la voie du diagnostic ” 

As regards the typical cases (m our series, Cases 7, 8 and 9) the 
diagnosis can usually be made The onset is, as a rule, gradual On 
physical examination in early, and not infrequently in advanced, cases, 
the auscultatory signs aie scant and not characteristic This holds true 
in primary as well as in secondary lung cancers 

A cough productive of a mucus or mucopurulent sputum intimately 
mixed or only streaked with blood is one of the earliest complaints that 
usually lead to a diagnosis of tuberculosis Hemoptysis, which is not 
rare at the onset of the disease, strengthens the diagnosis of phthysis 
Pleurisy with a serous, purulent, or, more often, bloody exudate is 
not infrequent but as is known, it is not pathognomonic of lung 
malignancy 

A sharp, stabbing pam in the chest, due to an early involvement of 
the pleura is one of the most characteristic signs of carcinoma of the 
lungs There is a complete agreement between the writers on the sub- 
ject (Wolf, Adler, Cottm, Cramei and Saloz, and Fishberg) that pam 
in the chest is a very early and constant sign in primary pulmonary 
cancer No other disease, and especially tuberculosis, will give such a 
persistent pam with failure to respond to treatment 

In Cases /, 8 and 9 here reported, which are apparently more or less 
typical from the clinical point of view, pam m the chest was the earliest 
sign and the chief complaint of the patient 

Cachexia is practically always present m cases running a typical 
course 


22 Ameuille, P 
27) 1923 


Bull et mem Soc med d hop de Paris 47 1312 (July 



FRIED— CARCINOMA OF LUNGS 


39 


Feiei and night sweats also are occasionally piesent m lung 
malignancy ° 

In cases in which the lesion is confined to the bionchial mucosa or 
submucosa, respnatoiy tiouble will eaily point toward a new growth 

The dmalion of the disease (m typical cases) is piactically the same 
as in carcinoma anywheie in the body Rapid death (m from two to 
thiee months) is leported in some cases In the cases reported here, 
the duiation (since the onset of the fiist symptoms) varied from three 
months to about sixteen months 

Primal) caicmoma of the lungs is moie than twice as common in 
men as m women Moie than 70 per cent , accoiding to Adler, occuned 
m men 

The i lght side is by fai the moi e often aftected 

3 Laboiatoiy Examination — A lepeated negative sputum for 
tubercle bacilli, in the piesence of pensistent lung symptoms (cough, 
pain in the chest and blood sti caked sputum), especially when in addition 
there has been a gradually downw.ud couise, always suggests 
mahgnanc) 

Lcnhaitz*" found in the sputum of 90 pei cent of cases studied by 
him, laige, sphcncal cells filled with a multitude of fatty gianules and 
associated with an abundance of epithelial cells that weie “sliangely 
deformed and possessed clubhke oi tailhke projections He believes 
that the fatty gianules aie pathognomonic of pulmonaiy caicmoma 
Osier dcsciihcs the Mine tells as a sign of pulmonaiy cancel, and 
Adler 2 consideis them as '‘stucll) pathognomonic of caicmoma of the 
lungs ” 

The piesence of tumor cells in the sputum has to be accepted with 
gieat caution, taking into consideiation the abundance of epithelial cells 
in a noimal expcctoiation Howevei, icpcated moiphologic examina- 
tion of the fresh sputum cannot be ovei emphasized 

The exudate is, in the majont) of cases, bloody It contains not 
infrequently tumoi cells and the impoitance of a histologic examination 
of the efiusion is outlined by all wnteis Heie, the fixation of the 
material will furnish more constant and reliable lesults The fluid is 
centrifugahzed, and the sediment is fixed in 10 pei cent formaldehyd or 
Zenker's fluid and run thtough paraffin 

Bard,-” 5 by studying the hemorihagic exudate (pleural, peritoneal) 
of inflammatory oiigm and following malignancy, was able to ascertain 
that, b) centrifugalizing the inflammatoiy exudate (tuberculosis), the 
supernatant fluid is clcai and, on chemical examination (guaiac 

23 Lcnharl/ XXXVI Congrcs de la Soc Allem dc Clur, 1907, abstr , 
Pressc mcd 15 229, 1907 

24 Osier The Principles and Practice of Medicine, 1919, p 653 

25 Bard Compt rend Soc de biol 103 170, 1901 



40 


ARCHIt ES OF INTERNAL MEDICINE 


method), contains no traces of blood, while m malignancy (primary 
and metastatic carcinoma of the lungs, metastatic caicmoma m the 
peritoneum) the supernatant fluid shows hemolysis As a result, Bard 
concluded that the pleuial and peritoneal exudate of a cancel ous origin 
possesses a hemolytic action on the patient’s led cells, a phenomenon 
missing in the exudates of infectious origin Cottm, Cramer and Saloz 5 
attribute “an undeniable value to the hemolytic nature of the cancerous 
exudate ” This, however, is not always true In tuberculous pleurisy 
of old standing, the supernatmg fluid does not show hemolysis Some 
French writers believe that an exudate rich m albumin (about 40 gm 
per liter) may be considered as pathognomonic of cancer 

4 Roentgen-Ray Examination — Accoidmg to the liteiature, the 
roentgenogram in malignancy of the lungs is typical at the onset of the 
disease In a study of the roentgenogram m new growths of the lungs, 
McMahon and Carman 26 arrive at the following conclusions 

1 The roentgen-iay examination and the stereoscopic study of the 
roentgenogiams will early point to a pulmonary lesion and its probable 
nature 

2 The areas of increased density found in primary pulmonary 
carcinoma are usualh quite typical, and can be diffei entiated from areas 
of increased densit) caused by other diseases in the thorax 

In a recent report, Thomas and Farmei ~ >r affirm that, by a roent- 
genogram, the nature of the new growth may be diagnosed befoie the 
appearance of clinical signs 


CONCLUSIONS 

Primal y carcinoma of the lungs is apparently much more frequent 
than is commonly believed 

Because of the similarity, from the clinical point of view, of primary 
lung cancer and a great many chronic lung affections, and particularly 
chronic pulmonary tuberculosis, primary malignancy of the lungs is 
often mistaken for phthisis or other lung disease 

Primary carcinoma of the lungs possesses a vigorous metastatic 
power 

From the cases here reported, it seems that the tumor metastasizes 
i ery early, and the bones and brain are apparently much more frequently 
imohed than is generally recognized 

he bones may be infiltrated with tumor without producing any 
change in the outward structure (Case 1) 

26 McMahon, F B , and Carman, R D Am J M Sc 155 34 (Jan ) 1918 

2/ Thomas, G F , and Farmer, H L Am J Roentgenol 11 391 (May) 
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Because of this piopeit) (eaity metastasis), the chief symptom of 
the patient, as \\ ell as the attention of the clinician, is concerned with the 
secondary imolvement, while the pnmaiy lesion is often ovei looked 
In any case of clnonic lung affection with an atypical course and 
persistence of s)mptoms especially if tubeiculosis is excluded, malig- 
nanc} should ah\a>s be consideied The presence of pulmonaiy tuber- 
culosis does not exclude the coexistence of malignancy m the same 
organ 



INTERMITTENT (IMPURE) AURICULAR FLUTTER, WITH 
SPECIAL REFERENCE TO ONSETS AND OFF- 
SETS OF PAROXYSMS AND THE 
EFFECTS OF VAGUS 
STIMULATION + 

CHARLES C WOLFERTH, MD 

PHILADELPHIA 

The two cases that are the basis for this report exhibited 
numerous fleeting paroxysms of abnoimal auricular action closely 
resembling auricular flutter The mechanisms of these paroxysms, 
as will be pointed out, may be legal ded as forms of slightly 
“impure” flutter The remarkable never failing bievity of paroxysms, 
their rapid and at times almost regular recurrence, furnished striking 
clinical pictures which, as it seemed to us, deserve emphasis as a clinical 
entity Furthermore, these cases are of interest since numerous onsets 
and offsets of clinical circus movement, of which hitherto there have 
been but few recorded, were obtained It has therefore been possible to 
make certain new obseivations regarding the onset and offset of clinical 
circus movement and the effects of vagus stimulation and certain drugs 
on its incidence and duiation 

REPORT OF CASES 

Case 1 — I S , a Polish coal miner, aged 50, was admitted to the Medical 
Division of the University Hospital, June 27, 1923, complaining of cough and 
palpitation of the heart Four months previously he had been almost suffocated 
by dust during an accident in the mines Since then he had suffered from 
cough, palpitation of the heart and shortness of breath so that he had been 
unable to work His physician informed him that his heart action was irregu- 
lar The patient stated that his abdomen had been swollen for two months 
before admission, but recently had returned to normal size 

The past medical history was negative except for a mild attack of rheumatism 
lasting for one month, six years prior to admission The family history was 
unimportant, and the social history negative except for the fact that he had 
been a coal miner for twenty-two years 

Physical Examination — The patient was a robust, well muscled man, younger 
in appearance than his stated age There were no visible evidences of distress 
or discomfort There was marked pulmonary emphysema The heart was 
enlarged, the transverse measurement being 15 5 cm , and there was a blowing 
systolic murmur at the apex The ventricular rhythm was irregularly irregular 
and the rate ranged from about 80 to 100 The arrhythmia was not abolished 
by mild exercise There were no evidences of passive congestion 

Routine examinations of the blood and urine, the Wassermann test and 
chemical studies of the blood all were negative 

Elect) ocardiogi ains — In Figures 1, 2 and 4, are shown the typical disturbances 
of cardiac mechanism There were numerous premature auricular beats, a 

From the Medical Division, University Hospital, and the William Pepper 
Laboratory of Clinical Medicine, University of Pennsylvania 
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few of •which were isolated, but most w'ere followed by short after effects 
consisting of 011c or 11101 e c\cles of abnormal auricular action In the longer 
paroxysms there were usualh from 6 to 8 cycles Of these, the first was 
mvariabh the longest A fairly high degree of regularity usually began with 
cither the second or third ejele I11 numerous short paroxysms consisting of 
onlj three or four c\clcs, regular action w r as not established 

Most of the disturbances of rhjthni recorded w'ere clearly initiated by 
premature auriculai beats These occuired apparently haphazard throughout 
a wide range of auricular diastole Their effectiveness in initiating after effects 
aid not appear to hear am relation to the degree of prematurity In a few' 
instances although details of the beginnings of paroxysms were somew'hat 
obscured In -ventricular complexes, the evidence appeared to indicate that 
paroxjsms were initiated by auricular beats of sinus origin (footnote) 

There were marked diffet cnees in rate of auricular beating during parox- 
\sms, manifesting itself 111 neighboring paroxvsms as well as 111 those more 
distant from each other The lengths of initial cycles (from peak of first 



Tig 1 (Case 1 ) — Continuous tracing, Lead II Four short paroxysms, all 
initiated In prem iture heats in \aiious stages of auricular diastole One 
offset (r) is recorded during -ventricular diastole 



Fig 2 (Case 1 ) — Continuous tracing, Lead 11 , show'ing effect of vagus 
stimulation (pressure orcr both caiotid sheaths) The paroxysm from 1 to 10 
is longer than any obtained except under vagus stimulation The cycle n to 0 
exhibits the exaggerated slowing of rate just preceding offset, sometimes 
found during vagus stimulation 

deflection to peak of second) varied at least 0 09 second, the extreme mea- 
surements being 0 23 and 0 32 second After regularity was established, the 
rate of beating ranged approximately from 270 to 360 per minute 

The offsets were usually preceded by the lengthening of the last one and 
occasionally the last two cycles In a few paroxysms, offset was abrupt, not 
being preceded by slowung After offsets, the duration of periods of auricular 
inactivity before resumption of normal beating was somewhat variable 
Usually, but not always, they exceeded slightly the following cycles of sinus 
rhythm (postundulatory pause) 

The ventricular rhythm v r as made highly irregular by the auricular action 
The initial premature auricular beats were usually followed by ventricu ar 
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contractions, but thereafter lentricular response was irregular, occurring after 
two, three or four of the abnormal rapid auricular beats Isolated premature 
contractions and postundulatory pauses also contributed to the irregularity 

Vagus Stimulation — Results of vagus stimulation are seen in Figures 2 
and 3 No influence in the direction of inhibiting onset of flutter was observed 
after ocular pressure or pressure over one or both vagi There was a distinct 
tendency toward slight prolongation of paroxysms during the various types 
of vagus stimulation There was also, in some instances, exaggeration of 
the slowing of auricular beating just preceding offset One decidedly prolonged 
paroxysm was recorded in which there was alternate waxing and waning of 
the auricular rate (Fig 3, strip 2) 

E\cicise — Observations on the effect of exercise were unsatisfactory because 
the patient did not cooperate well Mild exercises such as walking up and 
down stairs rapidly had no manifest effect on the arrhythmia 


rfri 



Fig 3 (Case 1) — Upper strip, Lead II, beginning of a period of ocular 
pressure Prolonged paroxysm, with marked exaggeration of slowing pre- 
ceding offset (9, 10, 11, 12) Lower strip, Lead II, end of a period of ocular 
pressure The final portion of a prolonged paroxysm shows definite waxing 
and waning of rate with marked slowing at 9, 10, 11 and 20, 21, 22, 23 



Fig 4 (Case 1) — Upper strip, Lead II, made just before administration 
of atropin, lower strip, Lead II, thirty minutes after hypodermic injection of 
4 mg of atropin sulphate In places (t), premature auricular beats appear 
to bear a constant relationship to preceding beats of sinus origin, suggesting 
that the premature beats are “re-entrant” and that paroxysms following these 
events are really initiated by smus beats A comparison of initial cycle lengths 
in second and third paroxysms, lower strip, supports this view 

Atiopm — The effects of hypodermic injection of 2 and 4 mg of atropin 
were observed In both instances, the results were identical Auriculoven- 
tricular conduction during paroxysms was improved so that the rhythm v'as 
predominantly two to one (Fig 4) The incidence of paroxysms was slightly 
increased No definite influence was noted in respect of the lengths of paroxysms 
nor the rates of beating during paroxysms 

Q> 1 ! nid in Quinidm sulphate in small doses had no effect on the arrhythmia, 
but 0 6 gm three times a day almost completely suppressed it The cardiac 
action became entirely regular except for isolated premature auricular beats 
and occasional abortive after effects consisting of only one or two beats 
Quinidm was not well tolerated by the patient and he complained of vertigo 
and extreme weakness After discontinuance of the treatment, the character- 
istic arrhythmia returned within forty-eight hours 

Digitalis —During the first trial of digitalis, the heart action became entirely 
regu ar after digitan in dosage of 0 1 gm three times a day had been received 
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for three dajs On subsequent trial of the drug, the arrhythmia was again 
abolished except for occasional isolated premature auricular contractions 
Dai!} small doses of digitalis were continued for ten days and the flutter 
did not recur The patient then left the hospital, stating that he felt greatly 
impro\ed 

Case 2— Mrs T, aged 48, a patient of Drs Joseph Sailer and Charles H 
Frazier, was admitted to Dr Frazier’s service in the University Hospital, 
Dec 19, 1923, to be operated on for hj perth} roidism The heart action was 
rapid and highly irregular, and could not be differentiated clinically from 
auricular fibrillation An electrocardiogram showed numerous premature 
auricular beats and a feu short paroxysms of very rapid auricular action 
(Fig 5) which resembled somewhat the paroxysms lecorded in Case 1 None 
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Fig 5 (Case 2) — T\ pical brief parox}sms, initiated by premature auricular 
beats, and showing continuous acceleration up to the abrupt offsets 



Fig 6 (Case 2) — Continuous strip, Lead II Frequent isolated piemntuie 
auricular contractions Succession of three premature contractions ( k , /, m) 
Note similarity of deflections, c, d, occurring after two successive prematuie 
beats, to f, q, winch are isolated, and to 0 , p which initiate a very bnef 
parox} sin 

of the paroxysms contained more than five cycles All were initiated by pre- 
mature auricular beats of the same form as the isolated premature beats A 
regular rate of beating w r as not established There was continuous acceleration 
from cycle to c}cle up to point of offset The cycle intervals of one paroxysm, 
as measured without special apparatus, were 0 27, 0 20, 016 and 014 second 
respectively The offsets w'ere abrupt 

Following the administration of digitalis, the cardiac rate diminished, the 
arrhythmia decreased but did not entirely disappear Bipolar ligation of the 
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thyroid arteries, one week after admission, was well borne, but the cardiac 
rate again greatly accelerated and the arrhythmia increased so that it once 
more simulated auricular fibrillation A tracing made ten days after operation 
(Fig 6) showed isolated premature auricular contractions, successions of 
premature contractions and short paroxysms of rapid auricular beating similar 
to those found before operation 

The results of operation were excellent and the patient left the hospital 
greatly improved The disturbances of rhythm were greatly diminished and 
in the course of several months disappeared entirely The patient was readmitted 
to the hospital May 10, 1924, and partial thyroidectomy performed May 16 
Before operation the heart action was perfectly regular During the first 
two days after operation there were numerous premature contractions, and 
on the third day an arrhythmia that clinically seemed identical with that noted 
on previous admission No tracing was made By the fifth day, the action 
was regular and has remained so since 

COMMENT 

Liteiatwe — Tracings of very brief paroxysms of flutter, onsets and 
offsets of paioxysms are exceedingly rare Ritchie 1 in 1912 described 
and published tracings of an arrhythmia that he designated “an inter- 
mittent form of auricular flutter” In Ritchie’s case, the airhythmia 
continued for a number of weeks The curves showed short paroxysms 
of rapid auricular beating separated from each other by periods of 
auricular inactivity of about 0 7 second duration There was no normal 
type of beating separating paroxysms as m our cases Ritchie states 
that the auricular deflections during paroxysms were similar to those 
obtained when the heart was beating normally In view of this state- 
ment, it would appear to be difficult to l ule out paroxysmal tachycardia 
arising m the sinus node or its neighborhood as a possible interpretation 
of the curves 

Semeiau, 2 m 1918, published, along with some tracings exhibiting 
short paroxysms of auricular fibrillation, one tracing m which a very 
brief paroxysm was interpreted as aui lcular flutter The curves showed 
some irregularities in the rhythm and the shape of the deflections 

Straus and Hamburger, 3 m a recent report m which the relations 
between gallbladder disease and cardiac arrhythmias were discussed, 
published tracings of one case in which short paroxysms of flutter are 
recorded 

Nowcnclatw e — According to pre°ent day nomenclature, puie auric- 
ular flutter is understood to be a condition in which there is established 
a continuous, rapid, highly regular circulation of the crest of the excita- 
tion wave through a fixed path in auricular muscle, and in addition, an 
orderly spread of the centrifugal waves throughout the auricles In 

1 Ritchie, W T Auricular Flutter, Edinburgh M J 9 485, 1912 

2 Semerau, M IJeber Ruckbildund der Arythmia Perpetua, Deutsch 
Arch f him Med 126 161 (May) 1918 

3 Straus, D C , and Hamburger, W W The Significance of Cardiac 
Irregularities in Reference to the Operability of Cases of Cholelithiasis, Chole- 
cystitis and Duodenal Ulcer, I A M A 82 706 (March 1) 1924 
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neithei of oui cases did any of the paroxysms recorded conform strictly 
to such a standard They weie moie comparable to the short “after 
effects'” so fiequently obseived in dogs following a high rate of stimula- 
tion of aunculai muscle 

We have naturally hesitated to class these veiy fleeting disturbances 
of auriculai mechanism observed in oui cases undei auricular flutter, 
yet it seemed proper to do so In Case 1, the auricular deflections were 
strikingly similar in shape, and lriegulanty was associated only with 
onsets and offsets When the paioxysms lasted long enough, regularity 
was established In Case 2, ob\iously, pure flutter did not occui, yet 
the snnilauty m details of the paroxysms to each other (particularly m 
respect of the shape of the auncular deflections and the progressive 
acceleiation of beating) shows cleail} that these disturbances have far 
more in common wuth auriculai fluttei than until auriculai fibrillation 

Lewus 1 has described and discussed in detail various conditions 
found experimental!) , which he calls “impuie fluttei ” The dis- 
turbances may be vei) slight and limited to so small a poition of the 
spread of the centufugal waves throughout the auricular muscle that 
the) may e\en escape detection in the axial electiocardiogram On the 
other hand the) maj he piofound and intei fere maikedly with the 
orderly course of the central oi mother v r ave Various gradations 
between pure fluttei and fibi illation have been lecorded Garrey 4 5 6 states 
that impure fluttei is essentiall) the same as pure fluttei and should be 
treated as such, yet it seems to us that the distinctions made by Lewis 
deser\e emphasis, since the) affoid a basis foi a cleaier undeistandmg 
of the mechanisms undei h mg these conditions Oui cases, as judged 
from the electrocaidiogiams, may therefoie be regaided as exhibiting 
impute fluttei, not so ver) fai lemoved from puie flutter, although, as 
we shall point out, there are doubtless disturbances in the cential paths 
of the excitation w r aves 

We hate borrowed Ritchie’s tenn “intei mittent auriculai flutter” to 
direct attention to the intermittent distnbution of the paioxysms (par- 
ticulaily w'ell manifested m Case 1) 

Onsets — Lewus, Drury and Bulger 0 state that in the experimental 
production of fluttei “the cucus movement which underlies flutter is 
provoked when an effective shock enters auricular muscle while the 
latter is in a ci ltical condition The critical condition is the condition 
of partial ref ractoi mess brought about by a high late of beating 

4 Lewis, T Observations upon Flutter and Fibrillation, Part IV Impure 
Flutter, Theory of Circus Movement, Heart 7 191 (Aug 27) 1920 

5 Garrey, W E Auricular Fibrillation, Physiol Rev 4 215 (April) 1924 

6 Lewis, T , Drury, A N , and Bulger, H A Observations upon Flutter 
and Fibrillation Part IV The Refractory Period and the Rate of Propagation 
in the Auricle Their Relation to Block in the Auricular Walls and to Auricular 
Flutter, etc, Heart 8 141 (May) 1921 
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Lewis admits, however, that he is not prepared to explain flutter follow- 
ing a single stimulus or breaking in spontaneously on a slow heart 
rhythm 

De Boer 7 found that single stimuli applied to a f i og ventricle some 
time after recovery from the refractory period caused extrasystole, 
whereas a stimulus applied immediately after the refractory phase caused 
a continuous circulation throughout the ventricle He believed that the 
weak contraction was followed by a short refractory phase which per- 
mitted the circulation of the wave to become established This hypoth- 
esis assumes the temporary presence of localized block (barriers of 
refractory tissue) m the muscle, initially barring the passage of the wave 
in certain directions 

Garrey, 5 to whose fundamental work on this subject we owe so 
much, states that the normal impulse from the sinus region or any other 
impulse may cause fibrillation and the wildest incoordination of shuttling 
impulses, if only the musculature is in what may provisionally be called 
the fibrillary state 

When we come to examine the hitherto scanty clinical evidence 
bearing on the manner of origin of the circus movement, we find that 
nearly all the onsets of flutter and fibrillation recorded have taken their 
origin from ectopic auricular beats An exception appears to be found 
in a case published by Semerau, 2 in which curves indicate that two onsets 
of auricular fibrillation originated from sinus beats 

Our cases show definitely the importance ectopic impulses may 
assume in the production of clinical circus movement, since out of 
many hundreds of paroxysms recorded, all m Case 2 and the great 
majority in Case 1 were clearly initiated by premature ectopic auricular 
beats 8 In view of the fact that ectopic beats in our Case 1 falling late 
m diastole were quite as effective in initiating circus movement as those 
occurring early, the hypotheses of Lewis and De Boer, which were not 
meant to apply beyond the experimental conditions presented, cannot 

7 De Boer, S Eine neue Theorie ueber das Entstehen von Kammerwuhlen, 
Arch f d ges Physiol 178 1, 1920 

8 There is some evidence suggesting that in a few instances among the 
tracings made in Case 1, auricular beats of sinus origin played some part m 
the initiation of paroxysms At times, isolated, highly premature auricular 
beats occurred simultaneously with T-waves Their relations to preceding 
P-waves could not be measured accurately, but in view of their superimposition 
on T-waves, were undoubtedly fairly constant, suggesting that “coupling” was 
present Occasionally this appearance of coupling was followed by a short 
run of flutter (Fig 4, upper strip) Under such circumstances, the cycle 
length from peak of premature beat to peak of next deflection did not show 
the prolongation present in the first cycles of other paroxysms The time 
intervals between the coupled beats did correspond roughly to the time of 
prolonged initial cycles in other paroxysms It may be that the highly pre- 
mature beats were re-entrant” and their mechanism of the nature of circus 
mo\ement Under such circumstances, it might properly be held that paroxysms 
following these events w'ere initiated by sinus beats 
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be \alid foi Case 1, unless it is assumed that a condition of partial 
lefiactonness of human auncular muscle may peisist as long as one 
second ^sinco dining peiiods of slow lhithm, some of the ectopic beats 
initiating fluttei weie appi oximatel) that fai temoved from the pie- 
ceding sinus beat) Such long peiiods aie appaiently possible m the 
case of junctional tissues, but as to whethei 01 not they may occur m 
aunculai muscle, we ha\e no information In the present state of om 
know ledge w e cannot go bei oncl the statement that some localized block 
must occui 111 aunculai muscle, pi eventing the orderly spread of the 
impulse and thus piesemng tissue to become ieceptive to the ivaie 
after it has encncled the chamber traielmg in the opposite direction 

The close clinical lelationship among piemature auricular beats, 
paroxismal auncular tachicardia, auncular flutter and auricular fibrilla- 
tion has long been obsened and commented on The tiacmgs of our 
Case 2 we belieie, demonstiate paiticulail) ivell the close relationship 
among the first tlnee We find, in a lelatneli short stnp of tracing 
(Fig 6), isolated piematuie beats, successions of prematuie beats 
resembling the onsets of paroxismal tachicaidia, a short lun of fluttei 
initiated In a piematuie beat, and two deflections lesembhng the onset 
of fluttei following two successne piemature beats 

It is of intei est to note the significance of piematuie auncular con- 
tractions in relation to the cncus movement Our cases shoiv clearly 
that these mai be poitals of entiy for the circus movement It is 
doubtless possible as obseriations of Gane> and of Semeiau indicate, 
and as is suggested In some of our curves, that the circus movement may 
take its origin from a sinus beat Nevei theless, the statement appeals 
to be justified that if auricular muscle is in a state receptive of the 
circus moiement, prematuie ectopic auricular conti actions favoi the 
entiance of the circus movement fai moie leadily than noimal type of 
auncular beats 

Accclci atwn of Rate Following Onsets of Pai o\ysms — An accelera- 
tion of rate ivas found m the beginnings of paioxysms similai to that 
found by Leivis, Fell and Stioud 9 111 experimentally produced short 
after eflects and flutter These authois explain this phenomenon as 
being due to the straining of conduction dui mg the penod the stimula- 
tion just preceding the cncus movement Consequently the fiist cncus 
movement of the aftei effect takes place comparatively slowly, this first 
sloiv circuit inducing some lecoveiy of conduction so that the succeeding 
circuits are accomplished more quickly In our cases, there is natuially 
no penod of stimulation preceding the cncus movement which may be 
invoked to account for a strain on conduction If we accept the view 

9 Lewis, T , Fell, H S, and Stroud, W D Observations upon Flutter 
and Fibrillation Part III Some Effects of Rhythmic Stimulation of the 
Auricle, Heart 7 247 (Aug ) 1920 
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that conduction is initially retarded, we aie unable to relate it to pre- 
ceding events but must regard it as due to a pathologic state of the 
muscle 

While we are in no position to deny that change in rate of propaga- 
tion of the impulse, due either to change m rate of fiber conduction or 
m the duration of the refractory phase of auricular muscle, may play a 
part m the acceleration of rate observed in our cases, yet it seems to us 
that there is another factor to be taken into account that may be of 
mportance It is unlikely that the foci, from which the initial ectopic 
impulses spring, lie directly m the path which will be assumed by the 
crest of the wave after circus movement is established Consequently, 
acceleration might be due merely to shortening of the cential path during 
the first few beats, irrespective of any changes m conduction or 
refractory period 

Offsets — In view of the fact that in both of our cases the circus 
movement could not be maintained for more than a few beats (in con- 
trast to nearly all cases of clinical auricular flutter hitheito described), 
it is of interest to examine the curves of offset There was one distinct 
difference between the two cases in the behavior of the cn cus movement 
just preceding offset In Case 1, offset was either abrupt without pre- 
liminary distiu bance in rate, or more commonly was preceded by dis- 
tinct slowing for one or two cycles In Case 2, there was continuous 
acceleration up to point of abrupt offset It would therefore appear 
that the factors concerned in the termination of the arrhythmia were 
not identical in the two cases 

In the present stage of our knowledge, it must be recognized that 
attempts to explain the mechanism of offset of clinical flutter from 
electrocardiograms must be purely speculative We have no informa- 
tion as to the rate of fiber conduction, the duration of the refractory 
phase, the position of the central path oi possible changes m the central 
path of the excitation wave It should be pointed out, however, that in 
very brief paroxysms, as opposed to established flutter, it is not neces- 
sary to assume changes either m the rate of fibei conduction oi dura- 
tion of the refractory period to account for the termination of the 
circus movement 

In Case 2, the closure of the gap and the termination of the circus 
movement may have been brought about by the election of a progres- 
snely shorter cential path This hypothesis would account not only 
for the continuous acceleration of beating but also the brevity of 
parox)sms The events may have been modified by lack of balance 
between rate of propagation of the wave and recovery from the refrac- 
tory phase, so that possibly two mechanisms were operating to close 
the gap 

For Case 1, the simple hypothesis of mechanism of offset we have 
sll §ff es t e d as applicable to Case 2 is not valid In the longer paroxysms, 
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1 egulai late of beating was established, indicating that the excitation 
wave was tiavelmg m an established ciicmt at a regular rate Here 
the failuie of the cucus movement to persist is susceptible of two 
intei pi etations 

1 It may be assumed that a condition of stability is not attained 
because the late of piopagation of the wave allows for complete circu- 
lation m the fixed path at a rate slightly in excess of the time necessary 
foi reco\er) fiom the lefractoiy phase Under such circumstances, a 
gap at fiist entnely adequate for the perpetuation of the circus move- 
ment would gi adualh nai i ow and eventually close The closure might 
be abrupt or might be pieceded by slight slowing as the crest of the 
wave encounteied barrieis of lefiactoiy tissue, or was forced into a 
longer path 

2 The second hypothesis imolves the assumption of a prolongation 
of the refractoiy period of auricular muscle shortly after the establish- 
ment of the circus movement According to Lewis, 10 prolongation of 
the refractory peuod is the mechanism responsible for the termination 
of the circus mo\ement after the administration of qumidm In the 
type of cases considered by Lewis, however, the circus movement was 
of compaiatively long duiation and thus conditions were not the same 
as in our Case 1 It is necessaiy m a regulai circus movement of moie 
than momentar) duiation that the cential path must follow a course of 
the propei length to establish equilibrium between the rate of conduc- 
tion and the late of iecovery from the refractory phase Under such 
circumstances, to change the central path of the circus movement or to 
terminate it, theie must of necessity be a disturbance of the balance 
between duiation of refractor)'- phase and the late of fiber conduction 

We aie unable to deny that prolongation of refractory phase follow- 
ing the onset of flutter may have occurred in our Case 1 and may have 
been solely responsible foi the termination of the flutter We have 
piacticall) no knowledge of what influence pathologic changes m auric- 
ular muscle may exert on the lefractoiy period We wish to empha- 
size, however, that it is not necessaiy to attribute the termination of 
very brief circus movement to such a mechanism and regard failure to 
establish equilibrium between rate of propagation of the wave and 
refractory period as a far more likely explanation of the early termi- 
nation of the circus movement 

Vagus Simulation — The conspicuous effects of vagus stimulation 
in our Case 1, namely, general tendency toward prolongation of 
paroxysms and increased slowing of auricular rate just preceding offset, 
are manifestations of vagus action not hitherto described in clinical 

10 Lewis, T The Actions of Atropin and Qumidm in Fibrillation of the 
Auricles , Clinical and Experimental Studies, Am J Med Sc 164 1 (July ) 
1922 
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fluttei Vagus stimulation was studied by Wilson 11 in a case of 
paroxysmal flutter lasting for several days In his case, distinct accelera- 
tion of auiiculai rate was obtained 

Lewis, Drur\ and Bulger 12 have found that vagus stimulation in 
dogs conspicuously reduces the refractoiy period of the auricle but has 
no direct effect on fiber conduction Quickening of rate has been 
explained by them as due to lemoval of partial barriers of refractory 
muscle in the path of the advancing wave which had compelled it to 
assume a sinuous course Acceleiation of late under such circumstances 
is not due to increased late of fiber conduction, and it need not be due 
to the assumption of a new central circus path Wilson favored the 
view that the acceleration obseived in his case was due to the assump- 
tion of a shoiter central circus path, this having been made possible by 
widening of the gap through reduction of the refiactory period Here, 
again, l eduction of the refiactory period is regarded as of fundamental 
importance 

The lesults of Lewis, Wilson and others who have observed acceleia- 
tion, or even auncular fibrillation and rapid leexcitation of the auricles 
under vagus stimulation, are not necessarily contradictory to ours, since 
the former weie obtained in established experimental or clinical flutter 
Our lesults maj also be explained on the basis of a reduced refractor) 
period If the mechanism we have proposed m explanation of the 
brief paroxysms m Case 1 is correct, namely, that m the cncus path 
established, flutter is not maintained because rate of conduction is m 
excess of rate of recovery fiom the refractory phase, it is to be expected 
that l eduction in lefiactory period would tend towaid equalization of 
these functions and thus have a tendency to prolong paroxysms 
Under such circumstances also, the gap would tend to close more 
gradually Thus the period during which the advancing wave traveled 
tlnough partially lefractory tissue might be prolonged and the rate of 
cicus movement just pnor to its teimination, be more letaided The 
clinical findings are in accord with these considerations 

If we accept the alternative hypothesis to account foi the very brief 
paroxysms, namely, that they are terminated by more or less abrupt 
depiession of the refractoiy period, the lengthening and more giadual 
offset under vagus stimulation must be regarded as due to a postpone- 
ment of the depression of refractory period and to more giadual depres- 
sion Theie aie, so far as we know, no expenmental or clinical 

11 Wilson, F N Report of a Case of Auncular Flutter m Which Vagus 
Stimulation Was Followed by an Increase in the Rate of the Circus Rhythm, 
Heart 11 61 (Jan 30) 1924 

,^~„E e " ls > ’ Lrur\, A N, and Bulger, H A Observations upon Flutter 

F ,“ lon Part VI1 The Effe cts of Vagal Stimulation, Heart 8 141 
(Mam 1921 
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pi ecedents foi such an action of the \agus on the refiactory peuod, but 
the possibility of its occurrence cannot, at present, be denied 

The maikedly prolonged paroxysm with waxing and waning of 
auricular rate (of which a part is shown m Figuie 3, lower strip) was 
the most sti iking effect produced by \agus stimulation The periods of 
slowing resemble closely the tracings of oftset under \agus stimulation 
up to the point that acceleiation begins again (compare upper and low^er 
strips Figure 3) Now unless it ma\ be assumed that in diseased 
auricular tissue fiber conduction may be letarded by vagus stimulation 
(of wdncli there is apparenth no ewdence) slownng must be due to 
narrowing of the gap between the crest and wake of the excitation 
w a\ e causing the crest to take up a more smuous course over the same 
general path oi else seek a new r longer circuit With such a slow*- circu- 
lation of the waie as was recoided, it is apparent that if the w^ave is 
permitted to continue, the gap must speedih widen since the late of 
circulation is now so prolonged as to gne ample time for recovery from 
the refractor} phase Under such circumstances acceleration of rate of 
beating is brought about either b\ remo\al of barriers of refractory 
muscle (if we assume that slowing had been due to more smuous course 
of the w a\ e otei the same general path) or b\ re-entrance on a shorter 
path (if we assume that slowing had been due to assumption of a longer 
path) 

\\ e conclude, therefore, that the effects obsened fiom \agus stimu- 
lation are due to reduction of the refractoi} period of auricular muscle 
Slight reduction results in slight prolongation of parox}sms More 
marked reduction results in compaiativel) prolonged paroxysms with 
waxing and waning of auricular late Flad men greater reduction been 
possible it is entireh probable that equilibrium between rate of propaga- 
tion of the w r a\e and duration of the refractory period might ha\e been 
established (for the penod of stimulation) and pure flutter obtained 
The nearest approach to pure flutter produced by vagus stimulation w r as 
twent\ c}cles of regular beating 

Abopm — It w r as anticipated that atiopm m full physiologic dosage 
might exert a fa'vorable effect on the arrhythmia, either by eliminating 
premature auricular beats, as it frequently does m the case of ordinary 
prematui e auricular contractions, or by shortening the periods of circus- 
mot ement The latter expectation was aroused particularly on account 
of the fact that vagus stimulation had been shown to prolong paroxysms 
Although it has been known for a long time that atropm is capable of 
provoking auricular fibrillation m some experimental animals, Lewus 30 
is authority for the statement that atropm is usually an effective remedy 
for fibrillation in dogs, and suggests that while it is not effective clini- 
cally m chronic cases of fibrillation, it might be so in more acute cases 
In order to test the value of this interesting suggestion m the type of 
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case dealt with here, we studied the effects of both 2 and 4 mg of 
atropin injected hypodermically, with practically negative results, so far 
as auricular arihythmia was concerned In this connection, however, 
it should be pointed out that vagal tone was probably not very great m 
this patient, since in spite of dilatation of pupils, impaired vision, flush- 
ing, dryness of the mouth, difficulty in swallowing and garrulity, the rate 
of sinus beating was not increased more than 18 per minute by atropin 
Qmnidm — The remarkable effects of quimdm both in suppressing 
premature contractions and terminating circus movement are familiar to 
all who have had experience in the use of this drug Both effects were 
conspicuously exhibited m Case 1 It is of interest that the favorable 
action was not prolonged for more than forty-eight houis after with- 
drawing the drug Such a result is what might have been anticipated m 
view of the rapid excretion of qumidin 

Digitalis — We have occasionally observed either partial or complete 
suppression of premature auricular beats under the influence of digitalis, 
such as resulted m Case 1, but the inhibition of circus movement was 
unexpected The complex action of digitalis on the auricle, due to the 
fact that its direct effect on auricular muscle and its indirect effect 
produced through the vagus nerve are opposed to each other, makes 
speculation as to the mode of its action in our case piofitless Of 
practical importance is the fact that of the various methods of treat- 
ment attempted, digitalis pioduced by far the most beneficial results 
In the first case, it abolished the arrhythmia except for occasional 
premature beats , m the second case, it definitely lessened the arrhyth- 
mia In both cases its use was attended by distinct subjective 
improvement 

SUMMARY 

1 Two cases are reported, both exhibiting numerous fleeting 
paroxysms of slightly impure auricular flutter This form of arrhyth- 
mia, not hitherto described, deserves lank as a clinical entity and should 
have reserved for it the name intei mittent auricular flutter which was 
first applied by Ritchie to a somewhat different condition 

2 Numerous tracings of onsets of paroxysms were recorded and the 
variations among them pointed out The significance of piemature 
ectopic auricular beats m the initiation of circus movement is discussed 

3 Differences m tracing of offsets m the two cases are demonstrated, 
indicating differences m mechanism of offsets An attempt has been 
made to account for the phenomena bringing about offsets in the two 
cases 

4 The effects of vagus stimulation were studied in Case 1 The 
most conspicuous effects were prolongation of paroxysms and exag- 
geration of slowing of auricular rate just piecedmg offset On one 
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occasion theie was found not only piolongation of a paroxysm but 
alternating penods of lapid and less lapid auncular rate These phe- 
nomena aie legarded as due pumaiily to reduction of lefractory period 
of auncular muscle by vagus stimulation 

5 Atiopm in full ph)siologic dosage exerted no significant effect 
on the ?nh)thmia m Case 1 except to linpiove aunculoventriculai con- 
duction Quuudin and digitalis weie both effective in suppressing the 
ai rh) 1 hnna 

6 Digitalis m model ate dosage decreased the auh^thmia m Case 2, 
but d'd not abolish it Following effective suigical tieatment of hypei- 
thyjoidism the airlnthmia complete!} disappeaied 



THE SKIN CAPILLARIES IN RAYNAUD’S 

DISEASE • 


GEORGE E BROWN, M D 

ROCHESTER, MINN 

During the last decade, physiologic investigation has repealed many 
new facts with regard to the activity of the capillanes Our knowledge 
is as yet fragmental y and incomplete, but enough has been learned to 
emphasize the great importance of this portion of the vascular system 

From the standpoint of tonus, the capillaries may be affected either 
by spastic or contraction reactions, or by atony or dilatation reactions 
The clinical manifestations usually include a combination of these 
capillary responses, although puie reactions aie seen The atonic 
capillary is usually seen in the so-called vasoneurotic constitutional states, 
and less often m peisons with apparently normal vasomotor mechanisms 
Muller 1 has described the capillary picture in the vasomotor neui oses 
This varies markedly from the so-called normal capillary He 
emphasized the following points 

1 Spastic and Atonic Reactions of the Capillaiy — The tonus of the 
capillary is evidenced by changes in the lumen of the vessel, eithei con- 
tracted or dilated Either of these conditions may be uniformly present 
thioughout the field, or may alternate or follow m sequence Muller 
believes that these phenomena are due to mheient changes m the loops, 
and are not a result of artenolar 01 venous reaction, since the capillary 
reactions are variable in contiguous loops He holds that if changes 
m the artenole lumen were responsible, tributary gioups of capillaries 
would behave similarly 

2 Vai lation in the Flozv and Picsswc — Abnormal flow is evidenced 
by changes m velocity, periods of stasis and granular stream 

3 Abnoi mahties in Moiphology of the Loops — The morphologic 
variations, he consideis of less importance Abnormally large loops and 
an abnoi mally visible capillary venous network are sometimes noted 
Parrisius ~ has described the appearance of the capillaries and contained 
blood during the stasis periods m abnormal vasomotor states Muller 
has described, in Raynaud’s disease, large deformed types of loops with 
gaps in the stream which he attributes to capillary spasm, giving a broken 
up appearance of the loops 


+ From the division of medicine, Mayo Clinic 

1 Muller L R Studien uber den Dermagraphismus und dessen diag- 
nostische Bedeutung, Deutsch, Ztschr f Nervenh 47-48 413-434, 1913 

2 ! arr f ,' S1U ,L , Kapdlarstudien bei Vasoneurosen, Deutsch Ztschr f 
Nerienh 72 320, 1921 
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4 Changes m Capillaiy Pcimeabihty —The changes in capillary 
permeability cannot be studied by the microscope, but are manifested by 
scleroderma and other metabolic and structural changes in the skin 
Further mfoimation can be obtained by studying capillary reactions to 
different types of stimuli, such as drugs, mechanical and thermic 

In studying the fonn and behavior of capillaries, it is exceedingly 
difficult, m certain instances, to deteimine where the normal leaves off 
and the pathologic begins In many appaiently normal peisons, occa- 
sional loops are short and toituous, dilated or contracted, 01 are other- 
wise abnormal The granular appearance of the flow or the cessation 
of flow, and plasma gaps, may also be obseived m single loops In the 
normal peison howe\er. these aie isolated phenomena Not until the 
majoi ity of the loops aie abnoimal in form and flow' are the capillaries 
classified as pathologic "When a sufficient numbei of capillaries reveal 
stasis with dilatation, a definitely tecognized cyanosis wall exist, and 
w hen a sufficient number ai e empty or only partially filled, pallor of the 
skin will be recognized macroscopically As Ebbecke 3 4 has shown, the 
degree of dilatation of the capillaries and venules determines the color 
of the skin, while aiterial dilatation determines the heat of the skm In 
differentiating the pathologic from the normal, the quantitative changes 
rather than the qualitatne indicate disease Abnoimal capillaries in 
the absence of clinical manifestations, are occasionally encountered 

That the capillaries lme an independent conti actility' seems reason- 
able '1 hese 1 easels exhibit responses peihaps moie delicate than those ol 
the larger easels This would he expected on the basis of stiucture and 
function Anatomic lesearches ha\e demonstiated contractile or Rouget 
cells with fine fibrillae wrapped about the endothelial tube The tiansi- 
tional point from aiteriole to capillaiy, oi from capillary to venule, is not 
always well defined m the tessels of the skm In low'er orders and 
ceitain rjpillanes of mammals the tiansitional point is definite accoiding 
to Ixrogh 1 Vasoconstrictor nenes hu\e been demonstrated for certain 
groups of capillaries Sufficient confiimation of the existence of dilator 
fibers is not a\ affable Dilatation of the capillanes has been showm 
to occur following mechanical, thermal, chemical and hormonal action 
It seems reasonable to believe that futuie w'ork wull demonstrate a 
nervous control of these vessels, similar to those of the larger vessels 

\ ASOMOTOR NEUROSES 

The so-called vasomotor neuroses include a large heterogeneous 
group of conditions characterized by instability of innervation in the 

3 Ebbcckc, U Die lokale vasomotorische Reaktion der Haut und der 
inneren Organc, Arch f d ges Physiol 169 1-81, 1917 

4 Krogh, August The Anatomy and Physiology of Capillaries, New 
Haven, Yale University Press, 1922 Halpert, A , cited by Krogh 
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vascular system Cold, moist skin with mild degrees of color changes, 
varying from maiked rubor to cyanosis, usually on the hands, feet or 
other peripheral areas, may constitute the entire clinical picture Asso- 
ciated low blood pressure, asthenic constitution, and subnormal mental 
and physical reactions are frequently associated The individuals com- 
prising this group aie of the subnormal vasomotor type Their vaso- 
motor responses to various stimuli are usually abnormal, showing either 
abnormal sensitivity or abnormal reactions to certain stimuli There is 
probably an underlying congenital basis for these abnormal responses 
on which are superimposed physical, psychic or infectious trauma, which 
often brings out the latent instability or abnormal lability of the vaso- 
motor system Buerger 5 has lecently discussed the known facts with 
regard to the physiology of the sympathetic or vegetative nervous system 
m a manner to make clear many features of these little understood 
abnormal states Between the nnld and the extreme types of cases, 
observed m Raynaud’s disease, are a large number of intermediate types 
which cannot be classified with exactitude It seems probable that they 
difiter only in degree, and are expressions of the same underlying 
pathologic condition This broad clinical conception of the vasomotor 
neuroses is borne out clinically, and by the study of capillaries Buergei 
questions the wisdom of too broad a grouping, and believes that the 
well defined syndrome, as obseived in Raynaud’s disease, should be 
retained as a clinical entit} 


MATERIAL STUDIED 

Eight cases, classified in twm groups, form the basis of this report 
Group 1 includes three cases of outspoken Raynaud’s disease, charac- 
terized by marked color changes with abnormal responses to cold, 
trophic disturbances, varying from slight trophic excavations on the 
tips of the fingers to definite gangiene, and pain disturbances Group 2 
includes five cases of the moie mild conditions m which there v r as a 
history of recurring local sjncope in the fingers, toes or other distal 
parts, followed by asphyxia w ith mild sensory disturbances, such as 
tingling, burning and numbness The abnormal or inciting action of 
cold m producing attacks w^as a marked feature m all cases m this group 

METHODS OP STUDY 6 

The capillaries were studied, according to the method of Lombard, 7 
from the standpoint of shape and size, the latter quantitatively by 


5 Buerger, Leo The Circulatory Disturbances of the Extremities, Includ- 
ing Gangrene, Vasomotor and Trophic Disoiders, Philadelphia, W B Saunders 
Compam , 1924 

6 Broun, G E The Normal Skin Capillary, to be published 

7 Lombard \\ P The Blood Pressure in the Arterioles, Capillaries, and 
Small \ eins of the Human Skin, Am J Physiol 29 335-362, 1911-1912 
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measurements of the lengths and calibers of the visible loops and their 
numbeis to the Jmeai millimeter 8 A stereomicroscope with magnifica- 
tion of 60 and 120 times and eye-piece micrometers with divisions of 
0 01 and 00025 mm were used for measurements A ribbon filament 
lamp u ith heat and color filters gave adequate illumination For finger 
stabilization, a small iron tiough with lubber buffers was quite satis- 
factorv These observations were repeated, m several instances, in the 
periods of syncope, cjanosis and rubor The capillary flow was studied 
in respect to the rates of flow m millimeters each second, and appearance 
and beha\ior of flow in the different color stages The effects of 
reduced temperatuie on capillaiv flow and skin color weie also studied, 
these will be lepoited separate!} Photomicrographs were made in sev- 
eral instances, but not with exact definition, owing to length of exposure 
tune Dr Sheaid 0 of the department of physics has recently per- 
fected this technic, allowing exposuies of one-fiftieth second Five 
other cases showing vasomotoi distuibances with sclerodermal changes 
in the skin are not included in this leport because the capillary picture 
was disturbed bv the organic skin changes 10 These cases will be 
reported in a subsequent stud} 

NORMAL C VPILL VRIES 

Sufficient observations have been made m studying noimal persons 
of diftcrent ages to define faiily definitely the morphologic range of the 
so-called normal capillaiy 11 (Fig 1) The studies at the Mayo Clinic 
have shown that the capillar) undergoes mvolutionary changes with 
advancing age, probab!) sunilai to those observed in the larger vessels 
The capillary appaiently becomes longer, 1 - the calibeis are narrowed, 
and the increased length may manifest itself as a long, straight or a 
tortuous loop The usual normal type in the young adult is the hairpin 
shape, fairly regular and umfoim, but theie aie variations Occasion- 
all), )oung persons have uniformly thick tortuous loops The absence 
of narrowed lununa seems to differentiate these from the pathologic 
tortuous types The greatest difficulty in distinguishing diseased capil- 
laries arises in cases m which the normal and abnormal types are present 

8 The nail-fold capillaries are apparently distinctive in that practically 
all are constantly functioning, thus differing from those in other portions 
of this tissue 

9 Sheard, C Instantaneous Photomicrography of the Skin Capillaries in 
the Living Human Body, Science 10 409-410, 1924 

10 Brown, G E , and O'Leary, P A Scleroderma, to be published 

11 Brown, G E, and Giffin, H Z Capillaries and Blood Volume in Poly- 

cythemia Vera, Am J M Sc 166 489-502 (Oct ) 1923 

12 The increased length of the capillary may be more apparent than real, 
because of increased visibility of the skin with increasing age 
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m about equal numbeis At best, one obseives occasional cases in which 
no conclusion can be drawn relative to capillaiy morphology The 
average total length of the visible capillar}' loop m the normal gioup 
was 0 42 mm The average calibei of the arterial limb was 0 007 mm , 
and of the venous limb 0 009 mm These are the averages of a group 
of 110 approximately noimal persons from the age of 20 to 95 years 13 - 



Fig 1— Normal capillaries Artist’s sketch, scale smallest division, 0 01 mm 


The normality of these persons was based on the absence of dernon- 
sti able disease and normal cardioienal vascular findings for their age 

THE “normal” CAPILLARY FLOW 
The capillary flow, in most loops, is usually uniform and lapid at 
room temperature, from 24 to 26 C Occasionally, the stream has a 

13 The measurement of the length of capillary loops is subject to a moderate 
error since the arterial and venous terminals are often indistinct and ltnpossible- 
of exact localization 
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gianulai appeal ance, 01 theie is a shoit penod of stasis m isolated loops 
Cold tends to letaid the flow , and the peuod of stasis is longer The avei- 
age minimal late of flow is about 1 5 mm a second in the normal person 14 
In v oungei peisons the flow' is too fast foi measuiement m most of the 
loops The stream is lanh constant, but minor variations m the late 
of flow aie obsened in neighbonng loops Theie is, however, a fan ly 
well established noimal range of flow' undei constant conditions as 
legal ding hand Ie\el in l elation to heait, 100 m tempeiatme, and effects 
of exetcise The obseivations vveie made under quite constant con- 
ditions and at loom tempeiatme langing fiom 24 to 26 C Because 
of occupation lack of care of the hands, local nutation of the skin, 
presence of edema pigmentation oi grime, the nail-fold vessels are 
occasional obscmed Excessive mamcming may destioy the anange- 
ment of the distal group of capillanes making an accmate examination 
impossible Usuallv, the fomth and fifth fingers show' these eftects to 
a much less degiee One should not foim an opinion legal dmg the 
capillanes until all the fingers ha\e been examined to see w'hether the 
tvpe is fanh umfoim Occasionalh, it is impossible to determine 
whether capillaries aie abnoimal In stud} mg the measuiements, 
velocitv lates, and so foith, I have ahvays examined all fingeis, and 
selected an area foi stud} which appaienth is tvpical foi the majoritv 
of the capillanes seen Raich, quite difteient t}pes of capillaries are 
obseived in difteient fingers 

i:ru:CT or cold ox capill vrv flow' 

The effects of heat and cold on skin capillanes aie fan ly well estab- 
lished in normals The immediate effect of modeiate heat is aitenal and 
capillar} dilatation and lapid, umfoim flow' The effects of cold vaiy 
considerably in different peisons The usual effect of difteient ranges 
of low’d ed tempeiatme to 15 C is slight palloi of the capillaiy field, due 
to aitenal and capillai) conti action which mav oi may not be observed 
macioscopicall) b) color changes in the skin, immediate slowing of the 
sti earn with moderatel} segmented appearance of flow due to plasma 
spaces, the cause of which will be discussed latei, and stasis, absent, oi 
very shoit The piesence of capillaiy cyanosis is dependent on the 
degree of capillaiy dilatation and the length of the penod of stasis 
After a variable penod of recoveiy, a leaction takes place m which the 
stream becomes intei mittent, showing alternating periods of lapid and 
slow flow In peisons subject to vasomotor instability, the cold reactions 

14 Capillary flow diminishes m the latter decades of life This value is for 
ages between twenty and forty years Individuals of forty years and undei 
show in any capillaries with rates in excess of 1 5 mm a second and cannot 
be measured with accuracy 
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are similar but more marked, and are present 01 appear at higher tem- 
peratures than are obseived in normal persons, in such persons, there 
is a relative intolerance to cold When color reactions are present in 
sufficient degree to be evident macroscopically m the skin, the capillary 
behavior is pathologic from the clinical standpoint In the cases of 
definite Raynaud’s disease, the reactions are similar, varying only m 
degree (Fig 2) Occasional cases of Raynaud’s disease show similar 
stasis reactions to moderate degrees of heat 

THE CAPILLARIES IN RAYNAUD’S DISEASE 

Morphologic Changes — One feature which is fairly constant at room 
temperature is the presence of many wide, dilated atonic types of loops 
Occasionally, huge types are seen, with a total length and caliber con- 
siderably greater than that observed in normal persons of the same age 
These giant types are more common in patients with scleroderma 

7 FI MGERS WARM - ROOM TEMPER ATURL £5 C 

SeCjmetAed flow 

COLD - STASIS M1M' Emptying from venous 

limb 

» Venous limb empty 

WARMER - Segments of blood entering arterial limb 

Capillary almost empty blood entering 

WARM - 5MIMUTE5 LATER 

Fig 2 — Observations of single capillary m Raynaud’s disease, showing 
effect and recovery from cold 

When gangrene is present, the loops lose then characteristic form, or 
they may appear as shapeless thrombosed areas , differentiation is often 
impossible In the average case, the venous limb is usually dilated more 
than the artenal limb (Table 1) The caliber of loops changes m the 
different color phases I have not observed the branching types oftener 
than in many so-called normal cases In the normal, there is a dis- 
tinct difteientiation m the caliber of the artenal and venous limb which 
becomes accentuated with increasing age In Raynaud’s disease, this 
differentiation becomes less distinct, and, in many cases, it is very difficult 
to distinguish the two limbs from the relative size of the calibers The 
direction of capillary flow decides this point The capillary loops at 
room temperature are usually of broad hairpin type, with or without 
tortuosity Patients examined at 25 C and at 15 C show measurable 
differences in the diameter of the capillary lumen With lower tempera- 
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tures, the outline of the loop becomes lagged and indistinct because of 
capillary dilatation and impel feet filling Many loops, because of incom- 
plete filling, appear as irregular segments The color changes from a 
slight to a marked cyanosis, depending on the duration of stasis The 
morphologic changes are not conclusive, and m several cases quite normal 
appearing loops were obseived, but moderate grades of dilatation during 
the compensated periods were found, in some degree, in all cases in this 
series 

Captllai v Flow — At loom tempeiatuie, the capillaiy loops, in prac- 
tically all the cases m this series, have shown varying degrees of stasis 
m few or many loops, varying with the severity of the case In other 
loops, the late of flow is extremely slow, ranging from 0 02 to 0 18 mm 
a second The capillaries show varying degrees of cyanosis, depending 
on the duration of stasis and dilatation of the loops Miscroscopic exam- 
ination of the capillaries of certain persons, who at loom temperature 
have practically normal skin color, reveals varying numbers of loops 
with marked slowing of the stream, oi complete stasis These changes 
were not sufficiently marked to pioduce color changes in the skin This, 
I believe, is of important diagnostic significance, since it presupposes 
the presence of an abnormally labile vasomotor mechanism, which maj, 
m the future, become of clinical importance In the flow there are many 
distinct differences fiom that obseived in normal persons The most 
striking characteristic is the slow, languid type, the presence of gaps oi 
the plasma gaps in the capillary stieam, an intermittent flow, alternating 
stasis and movement of the cells, and cyanosis The cause of these deal 
spaces in the stieam has been variously interpreted as due to capillar} 
spasm, and waves and plasma gaps They aie apparently not due to 
localized spasms of capillaries, since they move in the course of the 
capillary stieam much too rapidly for contraction A capillary wave or 
pulsation would not show the intermittence of movement which these 
gaps exhibit These are probably plasma spaces caused by intei nnttent 
arteriolar relaxation, which allows the cells to enter intermittently into 
the loops The bioken appearance of the stream appaiently is not due 
t0 agglutination since it is present in the moving capillary stream and 
exists at the loop entrance The flow may be seen to stop and move 
along at irregular intervals, and is not synchronous with the pulse 
lespiration or any known factor The blood is seen to enter from the 
ai tei lal side in rather languid fashion, the cells coming m clumps with 
cleai spaces or gaps between These abnoimal types of flow aie obsei ved 
m single or in multiple groups of capillaiies Theie is no umfoim late 
of flow in the loops , one loop may show stasis, anothei slight movement 
The lange of velocities in all loops in the well defined cases of Raynaud’s 
disease is much less than that obseived in the normal case (Table 1 ) In 
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one patient obseived (Case S), a gioup of five contiguous capillanes had 
this intermittent gianulai languid flow m the compensated stage, while 
m the balance of the loops the capillaiy flow was fairly normal 15 

BCIIAMOR AND APPEARANCE OF CAPILLARIES IN DIFFERENT 

COLOR STAGES 

Stage of Syncope 01 Whtc Stage — The capillary loops m the 
stneope period aie small, conti acted and partially filled, with well 



Fig 3 — Appearance of nail-fold capillary in the syncope or white stage, 
contracted capillaries, which arc more marked in arterial limb , many capillaries 
only partly filled or completely invisible 


defined outlines (Figs 3 and 6) Occasional clumps of cells may be 
seen entering the loop from the aiteriole, but in many loops no move- 
ment of blood is seen Many loops are unfilled, and are thus invisible 

IS There is a seasonal influence on the capillary flow, the pathologic varia- 
tion being less marked in summer 
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The pallor of the skin is then due to many empty and partially filled 
capillaries with cessation of the flow in all, or m a majority of the loops 
If a sufficient number of loops contain blood with stasis, these will 
appear cyanotic and then give a bluish pallor to the syncope stage The 
transition from the stage of syncope to that of asphyxia has been 
observed The loops, being either empty or partially filled, receive 
segments of blood from both the arterioles and venules Large groups 



Fig 4 — Same group of capillaries as shown in Figure 3 in stage of cyanosis, 
increase m number of capillaries with marked dilatation in one group of 
capillaries , complete stasis of capillary stream with cyanosis of capillary blood 


of cells come m gradually from the arterial side, with or without a 
reflux of cells from the postcapillary venule The longer the period of 
stasis, the more marked is the cyanosis and the greater is the dilatation 
of the loops The capillary dilates with the blood, filling up the loops 
in a languid, desultory fashion A loop may be filled by the blood enter- 
ing m normal fashion, followed by stasis, dilatation and cyanosis 
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Stage of Asphyua — The loops have a characteristic appearance and 
behavioi in this stage (Figs 4 and 6) They are large, with diameters 
in many loops twice that observed in the compensated period Dilatation 
with complete stasis and variable degiees of cyanosis explain the color 
of the skin In single loops, the blood may move extremely slowly, with 
one or more plasma gaps Many loops aie incompletely filled with mere 



segments of cells The intensity of the stage of asphyxia depends on 
the period of stasis and the degree of dilatation of the loops As the 
period of asphyxia wears off, fairly large segments of blood may be 
seen entering the loops intei mittently from the arteriole The flow 
decreases in direct proportion as the temperature decreases In Case 2, 
at 15 C , there was complete stasis with deep cyanosis m all loops The 
period of stasis varies from a few seconds to twenty minutes Symp- 
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toms, such as numbness, burning and tingP !in £ sensations, are complained 
of and the person will make efforts to\' restore clrcu ^ atl on, eitiei y 
warming the hands or by exercise The. 3 symptoms seem to lave a 
direct analogy to those observed m the claufV‘ lcatlon states resu tmg rom 
a tissue anoxemia The transition from the) 1 - cyanosis to the lyperemic 
period is interesting In Figures 2 and 7 are f r ^own the di erences m 
the appearance of a capillary loop during the transiodil comp ete 

stasis to the active capillary flow The first movement of the o (Tream 
obseived was the emptying of the venous limb into the collecting venule, \ 
second, the shifting of a clump of cells in the connecting limb toward 
the venous side , third, a segment entering from the arterial entrance, 
and, fourth, an active flow from the arterial side with rapid change from 
a cyanotic to a bright red blood 



partially filled contracted capillaries with absence of arterial limb in several 
loops , B, blue or cyanotic stage, stasis, dilatation and plasma gaps, and C, red 
or rubor stage, sharp well defined capillary indicating partial restoration of tone 
and flow 

Ruboi o) Stage of Hyperemia — This stage is due to the resumption 
of the normal flow and the presence of many moderately dilated loops 
and of oxyhemoglobin (Figs 5 and 6) This is due to relaxation of 
arterial spasm and partial restoration of capillary tone The capillary 
calibers reduce somewhat, though not to normal diameters, outlines 
become clearer, the stream in some loops becomes continuous, and m 
others shows variable speeds This finding is not uniform, since many 
of the capillaries will still show varying degrees of stasis or a slow 
segmented flow In other instances, alternating short periods of stasis 
and active flow are obsen ed in the recovery period There is a definite 
independence of capillary flow and behavior m the loops One loop mav 
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show complete stasis, and the next loop, normal flow However, a fairly 
uniform behavior is evident m the majority of the loops In many 
cases, permanent color changes are maintained m the skm, with slight 
degrees of rubor, cyanosis or pallor The color transitions are rarely 
complete 

COMMENT 

It is believed that capillaries and venules can change their lumen 
independently of the arteries 1G This- being true, an explanation is 
available for the vascular phenomena observed m certain vasomotor 
disorders Hooker 17 regards the nervous control as the factor pro- 
ducing capillary tone to balance the chemical factors producing 
dilatation Vasodilator nerves foi capillaries have not as yet been 
demonstrated The veins are apparently supplied with a veno- 
pressor mechanism, as shown by Hooker in his experiments on the 
mesenteric vessels Other agents affecting capillary tone are metabolic 
and hormonal in nature Dale’s contributions on histamm have shown it 
to have a selective toxic action on capillary endothelium causing dila- 
tation and inert flow in these vessels This substance is a true capillary 
poison Krogh has raised the question of the existence of a pituitary 
extract-like substance that exerts a tonic influence on the capillaries 
Although there is much to learn with regard to the physiology of the 
capillaries, sufficient data is available to permit a rational explanation 
of the phenomena observed m these vessels in vasomotor states 

In health, there is a finely balanced coordination of the different com- 
ponents of the vascular tree, as evidenced by noting the effects of cold 
on vascular flow m the skm, the immediate effect of which is arterial 
constriction with diminished blood supply to the capillaries These 
vessels contract synchronously, since dilated capillaries with contracted 
arterioles would serve no useful puipose Compensation is evidenced 
by aiteriole relaxation with increased artenal flow, the capillaries reveal- 
ing a similar response From observations of the venous portion of 
the capillaiy loops, it may be assumed that the venules are behaving 
similarly There is a close relationship of the vegetative or sympathetic 
nervous system to the cerebrospinal nerves m spite of the fact that these 
activities are distinct W J Mayo 18 has raised the question, m a recent 

16 Cotton, T F , Slade, J G , and Lewis, T Observations Upon Dermato- 
graphism with Special Reference to the Contractile Power of Capillaries, 
Heart 6 227-247, 1917 Dale, H H , and Laidlaw, P P Histamm Shock, 
J Physiol 102 355-390 (March) 1919 Dale, H H , and Richards, A N 
The Vasodilator Action of Histamm and of Some Other Substances, J Physiol 
52 110-165 (July) 1918 

17 Hooker, D R The Functional Activity of the Capillaries and Venules, 
Am J Physiol 54 30-54 (Nov ) 1920 

18 Mayo, W J Coordination of Human Vegetative Functions, Surg, 
Gynec & Obst 38 312-317 (March) 1924 
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paper, whether many of the pathologic phenomena, which we interpret 
as evidence of nervous or functional disorders, are not the result of the 
more recently acquired central nervous system attempting to control 
the vegetative activities It would seem possible to extend this inquiry 
more specificially to the vasomotor neuroses, and ask if these manifesta- 
tions are not the lesult of an attempted control on the part of the psychic 
spheies Conversely, it might be questioned whether the vegetative 
system might not attempt abnormal control when psychic factors appar- 
ently play no role The incidence of psychic factors m precipitating the 
symptoms of Raynaud’s disease is noteworthy The local manifestations 
of blushing attest to the close interrelationship of the psychic and vaso- 
motor activities 

The phenomena exhibited in the Raynaud type of the vasomotor 
neuioses indicate an abnormal sensitivity to certain stimuli, and inco- 
ordination on the part of the various components of the vascular field 

The syncope phase of an attack of Raynaud’s disease is due to an 
excessive contraction of all three vascular elements m the skin No 
blood is seen entering the capillaries , the loops are contracted and con- 
tain none or only small amounts of blood The venules are usually 
invisible The process may be quite uniform, and consists of a hyper- 
lrntable response of the vessels or the vasomotor nerves, usually, to 
cold, more rarely, to psychic or other stimuli It is an exaggerated 
normal response The production of color changes m the hands by the 
application of cold to distant portions of the body apparently proves the 
role of vasomotor neives in this condition There is a lowered vaso- 
motor threshold for certain stimuli 

The stage of asphyxia reveals the loss of coordination between the 
capillaries and the arterioles The arteries still remain contracted, but 
a reaction 01 intei mittent relaxation has been initiated which allows small 
segments of aiterial blood to enter the loops The venules are appar- 
ently undergoing similar reactions since, at this stage, a reflux of blood 
takes place into the capillaries This would seem to indicate intermittent 
contraction or relaxation of the venules The capillaries lose their tone 
and dilate, the degree of cyanosis being apparently proportionate to the 
length of a period of stasis The flow is static, and a high carbon dioxid 
content is evidenced by the change of color of the capillary blood from 
led to various shades of cyanosis The dilatation seems to precede the 
cyanosis, apparently standing m no direct relationship to carbon dioxid 
content Other metabolites may cause the loss of capillary tone There 
are no data as yet to indicate the nervous mechanism m the production 
, of the capillary dilatation The lack of balance between the capillaries 
and arteries may r be of physicochemical rather than neivous origin 
Contraction of the venules could be assumed by the behavior of the 
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capillary to cold In Figure 7 (third observation), the blood leaves the 
venous poition of the loop independently of movement of blood m the 
arterial limb The agglutination phenomenon, as described by Krogh, 
apparently occurs, and segments of blood pass into the venule Whether 
this indicates relaxation of venule contraction or localized capillaiy con- 
traction is not cleai The former seems more likely, although Krogh 
does not admit the existence of contraction of the subcutaneous veins 
When the rate of flow is less than 0 1 mm a second, a flow so slow 
as to include a definite penod of stasis, cyanosis will be recognized m 
the capillaiy blood This point has been designated as the threshold of 
cyanosis The skm of persons with evidence of vasomotor instability, 
whether mild or severe, may become, at room temperature, cold, moist 
or cyanotic, indicating decreased aitenal flow with dilatation of the 

1 CYANOSIS*'*- STASIS BLOOD PPLSSURB 90/60 

Z CYANOSIS 331 5TAB1 S 

3 CYANOSIS IH STASIS - V e „ 0 t, 9 Lmh emptying 

4 C YAH05ISUI STASIB - Calls entering arterial Lnxb 

5 CYANOSIS H RLTROGPADL BLOW 

6 CYAViOSlS J No-tnal direction - slov/ jtreoin 

7PXD 9 mtiUTEb BLOOD PRB5SUPX 60/fo0 

Tlaw crvare rapid 

* CYAN 051 3 BA5I5 1-4 

Fig 7 — Observations of single capillary m Raynaud’s disease, showing 
transition from cyanotic to hyperemic stage 

capillanes, and a low cyanotic threshold Whether the maintained loss of 
tonus m the capillaries and mci eased tonus m the arterioles is due to a 
nervous or physicochemical disturbance is not clear 

The piesence of hypotension m the majonty of such persons is inter- 
esting m the light of arteriole constriction and a consequent increased 
peripheral resistance Low blood piessuie is not a necessary factor m 
these cases, as we have observed two cases of Raynaud’s disease m which 
there was a definite hypertension The low blood pressure may be related 
to the limited area of arteriolar constrictor action, or to the decreased 
i esistance to blood flow, due to the dilated capillar) bed The sum total 
of these two forces may, in terms of blood pressure, 1 epresent decreased 
values m the majority of instances 




72 ARCHIVES OF INTERNAL MEDICINE 

The independence of capillary behavior seems reasonably certain 
because of the lack of uniformity of tone and flow m the contiguous 
loops One capillary may show complete stasis, the next loop, normal 
flow, and a narrow loop, very slow flow or stasis This individual 
behavior of the loops may not be entirely of capillary origin, as the pre- 
capillary arteriole and postcapillary venule may contribute to the effect 
It is not ceitam that one arteriole always breaks up directly into a group 
of capillaries What were apparently arterioles have been observed in 
exceptionally transparent skins, in which the precapillary arteriole was 
of appreciable length and was apparently tributary to one capillary The 
transition of arteriole to capillary was not clearly defined One is not 
justified in eliminating the precapillary and postcapillary vessels as 
active factors in the apparent autonomous activity of the capillaries m 
the skin 

In a case of Raynaud’s disease, more direct visual evidence of the 
independent behavior of the capillary was demonstrated by the follow- 
ing experiment An individual capillary was selected m which there 
was stasis and the loop narrow and contracted By means of a fine 
glass rod, the loop was touched and dilatation preceded resumption of 
the flow on repeated observations Apparently, following mechanical 
stimulus, and in the absence of increased mtracapillary pressure, definite 
dilatation of the capillary takes place 

In Raynaud’s 19 original description of the disease which bears his 
name, his explanation of the probable behavior of the capillaries fits 
closely with the modern explanation of the vascular phenomena The 
contraction of the capillaries was assumed on the basis of clinical 
obseivation and logical conclusions drawn therefrom He explained 
the appearance of the stage of asphyxia as follows 

The vessels which return first to their normal caliber, or even beyond, are 
naturally those which present m their structure the fewest contractile elements, 
viz , the venules At the moment when these are opened, the arterioles being 
still closed, the venous blood flows again into the finest vascular 

division, and then the extremities will take on that tint varying from blue to 
black, which is a certain index of the presence of venous blood m the capillary 
network 

SUMMARY 

The skin capillaries in eight cases of Raynaud’s disease were studied 
during the different color phases exhibited by this disease In the 
normal compensated periods, many of these vessels disclose evidence of 
disturbed capillary tone, abnormal flow or complete stasis The degree 
m which these abnormalities exist determines m a large degree the color 
of the skin The stage of syncope reveals many empty or partially 

19 Rajnaud, Afaurice On Local Asphyxia and Symmetrical Gangrene of 
the Extremities, Selected Monographs, London, New Sydenham Society, 1888 
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filled contracted loops with stasis The period of asphyxia is due to 
refilling of the capillary loops from segments of arterial or venous blood, 
or both, and dilatation of the loops with varying periods of stasis which 
determine the degree of cyanosis The longer the cessation of capillary 
flow, the more pionounced is the capillaiy dilatation, and the greater 
the carbon dioxid content of the capillary blood The recovery, or rubor 
phase, is due to lesumption of capillary flow, more complete opening 
up of capillaries, piessure of oxyhemoglobin, and partial recovery of 
capillary tone Additional evidence is presented to prove the existence 
of independent behavioi of the skin capillaries 



CLINICAL STUDIES OF DIGITALIS 


II TOXIC RHYTHMS, WITH SPECIAL REFERENCE TO THE 
SIMILARITY BETWEEN SUCH RHYTHMS IN 
MAN AND IN THE CAT * 

DREW LUTEN, MD 

ST LOUIS 

Numerous investigators ha\e observed certain toxic effects of digitalis 
on the hearts of animals, and clinicians have assumed that the results thus 
recorded are generally transferable to patients These experimental 
findings are not entirely constant with different species Their impor- 
tance would obviously be enhanced if it could be shown just how far the 
effects produced by the drug on a certain animal parallel its effects on 
the human heart , and it would be of especial clinical value to know in 
what animal the toxic effects are most like those that are produced in 
man For there is no exact knowledge of the quantitative effects of 
toxic doses of digitalis on the human heart, because it is only when a 
patient accidentally receives an excessive amount of the drug that clinical 
records showing its toxic action are obtained So far as knowledge 
acquired in this way confirms the lesults of pharmacologic investigation, 
it strengthens the inferences which experimentation affords 

The recent tendency to give digitalis in large dosage has apparently 
multiplied the number of instances in which toxic amounts of the drug 
have been administered to patients In a recent paper , 1 I reported the 
therapeutic effects produced by administering rapidly large amounts of 
the tincture of digitalis to a senes of about forty patients with normal 
cardiac mechanism Toxic rhythms of short duration were observed in 
foui of these patients The gravity of the symptoms attendant on these 
toxic rhythms varied in proportion to the apparent gravity of the change 
m cardiac mechanism Taken as a whole, these records present a strik- 
ing parallel between the toxic effects of digitalis on the heart of man 
and the toxic effects which the drug has been shown to produce on the 
heart of the cat The parallel is of obvious importance to experimental 
investigation and to clinical knowledge It emphasizes, furthermore, the 
dangers that may accompany rapid digitalization For these reasons, 
electrocardiograms that show certain effects of excessive quantities of 
digitalis on these four patients are presented, together with the accom- 
panying clinical records 

’’'From the department of internal medicine, Washington University 
School of Medicine 

1 Luten, Drew Clinical Studies of Digitalis, I, Effects Produced by the 
Administration of Massive Dosage to Patients with Normal Mechanism, Arch 
Int Med 33 251 (Feb ) 1924 
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Robinson and Wilson , 2 jn studying the progress of events that occur 
when the heart of the cat is progressn ely poisoned by digitalis, found 
that there is rather a definite sequence m the manifestations of the action 
of digitalis on the cat’s heart when successive portions of the lethal 
dose are i egularh administered and the administration continued until 
death takes place In their experiments, certain phenomena made 
their appearance after lather definite percentages of the lethal dose 
had been gnen This sequence of events which represents increasing 
degrees of effect and of toxicity they found to be as follows First, 
inversion of the T ware of the electrocardiogram occurred After addi- 
tional amounts of the diug were administered, depression of the atrio- 
ventricular conduction made its appearance At about this time, there 
was some slow mg of the heart rate which came on gradually After still 
larger amounts, theie w as an increase m the rhythmicity of the auricles 
and of the \entncles (producing acceleration of both) The tentacular 
rate soon exceeded that of the auricles, thus producing atrioventricular 
dissociation At about this stage, ldioventi icular complexes made their 
appearance Independent a entncular rhythm with abnoi mal ventricular 
complexes developed This was soon followed by ventricular fibrillation 
and death 

The sequence of e\ ents that followed the administration of digitalis 
to the four patients of nr\ series cannot be stated w ith certainty, because 
records were not taken at sufficiently frequent intervals An analysis 
of the records that were made, however, gives unmistakable evidence 
that this sequence is closely comparable to that which lesults from the 
toxic effects of large doses of tincture of digitalis on the heart of the 
cat Certain other features of importance wduch have to do with 
the toxic action of digitalis aie shown m these recoids, and certain con- 
clusions regarding the toxic action of the diug on the muscle of the 
human heart are indicated 

In none of these patients, foitunatel), did death result from the 
administration of digitalis, and m none was venti icular fibrillation 
recorded The parallel that their records show between the toxic effects 
of digitalis on the human heart and those showm by Robinson and 
Wilson for the heart of the cat is not complete, therefore, but so far as 
it goes it is remarkably close 

REPORT OF CASES 

Case 1 — A man, aged 75, admitted Sept 5, 1922, complaining principalh 
of weakness, had had, perhaps, a little dyspnea for a a ear, noticeable on walking 
up hill Otherwise, he had been m good health until six weeks prior to admis- 
sion, at which time he noticed that he was -weak and had a little fever Fol- 


2 Robinson, G C, and Wilson, F N A Quantitatne Study of the Effect 
of Digitalis on the Heart of the Cat, J Pharmacol & Exper Therap 10 491 
(Jan) 1918 



76 


ARCHIVES OF INTERNAL MEDICINE 


lowing this, he had a slight cough and sputum, also slight edema of the ankles 
He had been taking 20 drops of tincture of digitalis three times a day at intervals 
until about a week before admission 

On admission, there was considerable cyanosis of the lips and nail beds 
The cardiac impulse was rather diffuse and was inside the nipple line The 
heart sounds were faint The liver extended 8 cm below the costal margin 
There was slight edema of the legs The peripheral arteries were considerably 
thickened and tortuous The urine showed a faint trace of albumin, there 
were no casts The nonprotein blood nitrogen was 31 9 mg , the Wassermann 
reaction was negative , the pulse, 106 , the temperature, 38 2 C The electro- 
cardiogram showed very small complexes in all leads, and notched Q-R-S 
complexes in Lead III The provisional diagnosis was chronic myocarditis , 
emphysema, arterial sclerosis, passive congestion of the lungs and of the 
liver, and possible pericardial effusion The patient weighed about 190 pounds 
(86 2 kg) 

After six days in bed, he was given tincture of digitalis as follows September 
11, 15 minims, September 12, 75 minims in four doses, from September 13 to 
19 inclusive, four doses of 20 minims each every day, a total of 650 minims 
in eight days During the eight days of digitalis administration he had no 
nausea, no change m pulse rate (the extremes being 80 and 112, the mean 
being 102), and there was no change in the symptoms There was slight 
transitory pain in the left chest September 18 and 22 The course of the 
illness varied, and the patient died November 24 The necropsy showed 
tuberculous, serofibrinous pericarditis , about 600 c c of fluid m the pericardial 
sack , marked chronic fibrous myocarditis , calcification and occlusion of the 
right coronary artery, chronic passive congestion of the liver, spleen and 
lungs , ascites, and chronic diffuse nephritis 

The electrocardiogram, taken September 19, after 590 minims of tincture 
of digitalis, showed atrioventricular dissociation, the auricular rate being 90, 
the ventricular rate, 96 The type of complexes was essentially the same as 
before digitalis administration The electrocardiogram taken the next day, 
after 60 minims more of tincture of digitalis, showed atrioventricular dissocia- 
tion, the auricular rate being 160, the ventricular rate, 90 Digitalis had been 
discontinued before this record was made The electrocardiogram taken 
twenty-four hours later, September 21, showed atrioventricular dissociation, the 
auricular rate being 93, the ventricular rate, 95 Subsequent records showed 
a normal mechanism, but with a lengthened P-R time, and a lowered T wave 
in Leads II and III for some days There were occasional extrasystoles on 
admission and afterward Digitalis apparently did not influence their frequency 
Aside from the electrocardiographic records there was no indication, sympto- 
matically or objectively, of effect from digitalis administration 

Large doses of digitalis produced atrioventricular dissociation with 
an auricular rate of 90 and a ventricular rate of 96 Increased dosage 
produced an auricular rate of 160 with a ventricular rate of 90 With 
subsidence of digitalis effect, the auricular tachycardia disappeared, but 
the ventricular rate remained high and atrioventricular dissociation per- 
sisted With further subsidence of the effect of the drug, the mechanism 
became normal but showed the usual electrocardiographic evidences of 
therapeutic dosage There was no symptomatic evidence of toxic or of 
therapeutic action of the drug 

The amount of digitalis administered was too great It produced a 
serious toxic rhythm This occurred without nausea and without any 
eudences of effect that could be noted at the bedside 
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Case 2 — A woman, aged 23, was admitted, Aug 17, 1922, complaining of 
“dtopsy,” palpitation, cough and dizziness Her illness began after a forceps 
deliver} 1 , three months previous to admission, with dyspnea, cough, palpitation, 
and swelling of the abdomen She had been taking a "patent medicine” for 
two months previous to admission, but had taken no medicine from a physician 
in that time 

Conspicuous cyanosis, general anasarca, ascites and dulness at the bases 
of the lungs were noted The liver extended 9 cm below the costal margin 
The heart was greatly enlarged At the apex, a systolic murmur, transmitted 
over the precordium, and a short diastolic murmur were heard A systolic 
and diastolic thrill was felt at the apex The blood pressure was 165 systolic, 
100 diastolic The urine showed a large amount of albumin and many casts 
The vital capacity was 450 cc The electrocardiogram on the day of admission 
showed auricular fibrillation and a persistent bigeminy The ventricular rate 



Fig 1 (Case 2) — Upper Leads I and III, Aug 18, 1922, the day after 
admission (Lead I is distorted by extraneous current) , lower Leads I and III, 
August 19 

was 110 The diagnosis was cardiac decompensation, cardiac hypertrophy and 
dilatation, auricular fibrillation, premature contractions, mitral disease, and 
congestion of the liver, lungs and kidneys The patient's weight was about 
85 pounds (38 6 kg ) 

Because of the electrocardiographic evidence of the action of some toxic 
agent, such as digitalis, on the heart, no digitalis was administered for thirty- 
three days The patient made some, but not great, symptomatic improvement 
while at rest and on a restricted diet The cardiac mechanism was normal, Aug- 
ust 19 (Fig 1, lower part), the rate being 125 Frequent electrocardiograms 
showed no arrhythmia thereafter until digitalis was administered August 24, 
however, the rate was 144, and the mechanism appeared to be atrioventricular 
rhythm The mechanism thereafter was normal, the rate remained at about 
120 a minute, and the negative deflection of the T wave in Lead III became 
less pronounced 

September 19, the patient was given 10 cc of tincture of digitalis in three 
doses This was followed by considerable symptomatic improvement and 
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lessening of the edema, there was no nausea Eight days later (September 27), 
she was given 20 minims of the tincture four times daily This was continued 
for a little more than five days, during which time she received 440 minims 
October 2, a slight arrhythmia was noted clinically, and digitalis was stopped 
There had been no nausea up to this time , but, later, October 3 and 4, moderate 
nausea occurred There was considerable symptomatic improvement during the 
next few days, and almost complete disappearance of edema for the first time 
since the patient’s admission to the hospital The patient was able to be up 
and undertake slight exertion, leaving the hospital, October 23 

The electrocardiogram of August 17 is not suitable for reproduction The 
one obtained the next day (Fig 1, upper part) is quite similar to it, but is 
clearer Extraneous current gave fine oscillations in Lead I, but Lead III, is 
free of this disturbance In it the characteristic undulations of auricular 



Fig 2 (Case 2) — Upper Leads I and III, Oct 2, 1922, after 400 minims 
of tincture of digitalis in five days, auricular rate, 170, ventricular rate, 92 
The position of the auricular beats is indicated by markers Lower Leads 
I and III, October 7, auricular fibrillation and frequent coupling 

fibrillation are clearly seen There is a constant coupling Comparison with 
subsequent records shows that the first complex of each couple is of the type 
that is “normal” for the individual It consists, m Lead I, of a downwardly 
deflected Q-R-S group and an upwardly deflected T wave , in Lead III, of an 
upwardly deflected Q-R-S and a downwardly deflected T wave The second 
complex of each couple consists of a Q-R-S group and T wave, both of which 
are deflected in a direction opposite to that shown in the first complex of 
the couple Whether this record represents right ventricular preponderance 
with an extrasystole of left ventricular origin occurring after each “normal” 
ventricular beat — the rate of the latter being slowed by a high degree of atrio- 
ventricular block — or whether the bigeminy indicates alternate interference 
with conduction through the left and right branches of the atrioventricular 
bundle, need not be discussed here The former would be the usual interpreta- 
tion The complexes of Lead II are similar to the corresponding complexes 




LUTEN— TOXIC RHYTHMS FROM DIGITALIS 


79 


of Lead III, but of smaller amplitude The ventricular rate is 107 a minute 
Next day, the mechanism was normal For about a month thereafter and 
until the administration of digitalis, no abnormal mechanism was noted The 
electrocardiogram of October 2, the day digitalis was stopped (Fig 2, upper 
part), showed atrioventricular dissociation, an auricular rate of 170, and a 
ventricular rate of 92 The type of ventricular complexes was essentially 
the same as before That the ventricle, though maintaining a high rate mde- 
pendentty of the auricle, is still susceptible to auricular influence is shown m 
the fifth cycle of the first strip The preceding auricular beat, appearing 
just before the rhythmic ventricular beat is due, stimulates a ventricular 
response 

This mechanism was still present on the morning of the next day, October 
3, and the ventricular rate was still 92 A few days later, there was a change 
in cardiac mechanism, which is illustrated by Figure 2, lower part This shows 
auricular fibrillation with frequent complexes similar to the second complexes 
of the bigemmy that was present on admission, the rate being about 82 There 
was no recurrence of the rhythm composed entirely of coupled beats The 
auricular fibrillation persisted The coupled beats also persisted, but then 
frequency diminished The total rate increased a little 

This patient exhibited a toxic rhythm on admission After the 
mechanism had been normal for a month, large doses of digitalis pro- 
duced ati loventricular dissociation with an aunctilar rate of 170 and a 
ventuculai rate of 92 This occurred thuty-six hours befoie the appear- 
ance of nausea The dissociation and tachycaidia weie succeeded by a 
mechanism much like that observed on admission The patient’s symp- 
toms weie of a mildly toxic type, and consideiable linpiovement followed 
The amount of digitalis admmisteied was somewhat m excess of 
the optimum dose It was enough to pioduce increased lhythmicity of 
both auricles and ventucles These toxic signs occuned befoie the 
appearance of toxic symptoms 

Case 3 — A man, aged 52, admitted to the hospital, Aug 22, 1922, had been 
m the hospital m November, 1921, at which time his complaints were enlarge- 
ment of the liver, dyspnea and pam in the upper part of the abdomen, these 
symptoms being of four and one-half months’ duration At his first admission, 
he showed Cheyne-Stokes’ respiration, slight edema of the legs, and an enlarge- 
ment of the liver to 15 cm below the costal margin The blood pressure was 
190 systolic, 150 diastolic The heart sounds were weak, the rhythm being 
regular except for variation with respiration There was a faint diastolic 
murmur at the aortic area The urine contained 4 gm of albumin per liter and 
many granular casts The nonprotein blood nitrogen was 57 8 mg per hundred 
cubic centimeters The vital capacity was 1,650 cc The diagnosis was chronic 
myocarditis, cardiac hypertrophy and dilatation, cardiac decompensation, 
chronic nephritis, and arterial sclerosis The body weight was 190 pounds 
(86 2 kg ) The patient received at that time 20 c c of tincture of digitalis 
m nine hours There was prompt diuresis, loss of weight, diminution in the 
sue of the liver, and relief of symptoms He was discharged greatly improved 

Following this, he had had a somewhat variable course, but, in the main, 
had been rather well as long as he took digitalis For a week before his last 
admission, August 22, he had had some edema of the ankles, slight dizziness 
and, at times, a little nausea 

There was considerable edema The liver extended about 12 cm below the 
costal margin The heart was regular There were no murmurs Other 
findings were much the same as on the first admission The electrocardio- 
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grain showed a low, notched Q-R-S complex in Lead I, the T wave slightly 
negative m Leads I and II, and the P-R interval 0 2 second The patient was 
fairly comfortable and only slightly dyspneic The body weight was 185 
pounds (83 9 kg ) 

August 29, seven days after admission, he was given 5 c c of tincture of 
digitalis at 5 p m The next day, he received 5 cc at 10 a m , 5 cc atlp m, 
and 2 5 c c at 6 p m , a total of 17 5 c c in twenty-five hours Before receiving 
the last dose, he vomited and felt worse For a few days following digitalis 
administration, he was extremely uncomfortable, had almost constant nausea, 
and looked much worse than before The urine output was diminished These 
symptoms gradually subsided, and there was a conspicuous diuresis of increasing 
amounts, beginning September 4, and reaching a maximum of 4,300 c c , Sep- 
tember 8 The patient improved somewhat about this time, but soon thereafter 
began to lose ground Uremic symptoms predominated, and he died November 24 



Fig 3 (Case' 3) — Upper left Leads I, II and III, Aug 29, 1922, just 
before digitalis administration, upper right August 30, 11 20 a m, after 
10 c c of tincture of digitalis , lower Leads II and III, August 31, 10 50 a m , 
seventeen hours after 17 5 c c of tincture of digitalis , changed complexes , 
auricular rate, 131 , ventricular rate, 162 The position of the P waves is 
indicated by markers 

An electrocardiogram, taken one hour and twenty minutes after the second 
dose of digitalis (Fig 3, upper right), showed transient ventricular escape, 
the rate being 83 (This is shown only in Lead II ) Twenty-four hours 
later, August 31, the record shows persistent atrioventricular dissociation The 
rate of the auricle was 131 a minute, that of the ventricle, 162 The form of 
the ventricular complexes was changed (Fig 3, lower) In other words, there 
was an auricular tachycardia and an independent ventricular tachycardia 

The following morning, September 1, the type of ventricular complex was 
similar to, but not identical with, that just described The P waves are not 
clear m this curve, and the auricular rate, therefore, is questionable The 
ventricular rate was 108 On the afternoon of that day, the same sort of 
mechanism was recorded in Lead I, the ventricular rate being 99 Lead II, 
however, shows an auricular rate of 65, with a ventricular rate of 99 The 
ventricular complexes occur rhythmically, but show striking variations in form 
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September 2 (Fig 4, top), the type of ventricular complex was essentially 
the same as that which had obtained since August 31 No P waves are visible, 
and probably both auricles and ventricles were responding to a center in the 
junctional tissues Two days later (Fig 4, second strip from top), the 
type of complex had changed back to the “normal” form, but visible auric- 
ular complexes were still absent The rate, however, had slowed to 87 
The record of September 7 (Fig 4, lower), showed atrioventricular dis- 
sociation, with complexes of the original type There had been further slowing 
of the ventricle to 77, and of the auricle to 52 On the succeeding day, the 
mechanism was normal 

This patient, who had previously shown a remarkable improvement 
after taking 20 c c of tincture of digitalis, was given 17 5 c c within 
twenty-five hours There was transient ventricular escape after 10 c c 
Through eiror, 2 5 cc was given after the patient had vomited He 
showed symptoms of severe toxemia Electrocardiograms showed the 



Fig 4 (Case 3) — First strip Lead III, Sept 2, T922, rate, 97, second 
strip Lead II, September 4, change in complex to original type, rate 87, 
third and fourth strips Leads I and III, September 7, atrioventricular dis- 
sociation, auricular rate, 52, and ventricular rate, 77 

following succession of events (a) ventricular escape, rate 83 , (b) 
independent ventricular tachycardia, rate 162 with a coincident auricular 
rate of 131 , (c) atrioventricular rhythm, rate 108, (d) artnoventncular 
rhythm, rate 99, with a quick change to an auricular rate of 65 — the 
ventricular complexes still occurring at a rate of 99 and showing chang- 
ing forms, (e) atrioventricular lhythm with slowing rate, the type of 
complex changing back to the original form, (f) further ventricular 
slowing (77) and atrioventricular dissociation with an auricular rate of 
52, and (g) normal mechanism, rate 88 
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This was an alarmingly toxic dose The rhythmicity of the auricles 
and of the ventricles was increased , that of the latter to such an extent 
that they instituted an independent lhythm There was a vagus stimu- 
lation, but, m spite of this, the rate of the auricles and of the ven- 
tricles was usually high With increasing elimination of the diug, the 
heightened rhythmicity of ventricles and auricles lessened , vagus stimu- 
lation passed off, and the pacemaker again assumed control 

An independent ventricular rhythm, associated with abnormal ven- 
tricular complexes and a rapid rate, is often a precuisor of ventricular 
fibrillation This result followed, in Robinson and Wilson’s experi- 
mental work on cats, after the administration of little more of the drug 
than enough to produce such evidences of intoxication as were shown by 
this patient 

Case 4— A woman, aged 46, admitted, Oct 24, 1922, complaining of dyspnea, 
edema, dizziness and palpitation, had had slight dyspnea for six years, but only 
for the past four months had it been very great During this time, the other 
symptoms had developed She had been in bed for two weeks For three 
or four weeks prior to admission, she had had no medicine except a “patent” 
cough remedy 

She was quite dyspneic There were cyanosis of the lips, considerable 
edema of the legs and of the abdominal wall, and signs of a small amount of 
fluid in the right pleural sack The heart was greatly enlarged to the left 
There was a faint systolic murmur at the left sternal border and at the aortic 
area There was also a suggestion of gallop rhythm The urine contained 
a large amount of albumin and many granular casts The nonprotein blood 
nitrogen was 47 7 mg per hundred cubic centimeters , the vital capacity, 800 c c , 
the blood pressure, 115 systolic, 95 diastolic The body weight was 190 pounds 
(86 2 kg) The electrocardiogram (Fig 5, upper left) showed ventricular 
complexes rather low in all leads, and notched in Lead III, the rate being 96 
The diagnosis was cardiac decompensation , chronic myocarditis , cardiac 
hypertrophy and dilatation, and chronic nephritis 

The patient improved a little during eight days observation, and was then 
given tincture of digitalis as follows 10 c c at 8 p m, November 1, 3 c c 
at 8 30 a m , November 2, and 3 c c at noon, November 2 There was an 
early diuresis beginning on the night of the 1st Beginning with the night of 
the 2d, the patient had considerable nausea and vomiting for thirty-six hours 
There was no symptomatic improvement for seven days After this period, 
she gradually improved and left the hospital, November 28 

The electrocardiogram, taken ten minutes after the last dose of digitalis 
and, therefore, before its effect on the heart, shows a lengthened P-R interval and 
a sinus rhythm with a rate of 145 (Fig 5, lower) This was higher than any 
rate recorded before digitalis administration 

Figure 6 shows portions of the record made at 10 30 a m, November 3, 
twenty-two and one-half hours after the last dose The three leads were 
recorded, and immediately thereafter a second record of three leads was made 
When the first part of the first of these records was recorded, the auricles 
were beating rhythmically at a rate of 160, while the ventricles were beating 
arrhjthmically at a rate of 96 There was not complete dissociation, however, 
between auricules and ventricles, for there were three ventricular responses 
to eiery five beats of the auricles Two out of every five of the auricular 
contractions produced no ventricular response, while three were able to stimulate 
the ventricles to contract The shapes of the three ventricular complexes 
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follow a certain sequence The form of the first two is normal, while that of 
the third is aberrant The P-R intervals also follow a certain sequence The 
interval preceding the first of the normal ventricular complexes is about 02 
second, that preceding the second is about 0 17 second, while that preceding 
the abnormal complex is about 022 second These abnormal ventricular com- 
plexes, then, are not due to premature ventricular contractions, as might, at 
first glance, be inferred Their abnormal form is due to imperfect recovery 
of the ventricular conducting tracts , the prolonged P-R interval preceding these 
abnormal complexes is due to a similar defect in the junctional tissues 

Still further evidence of depressed intraventricular conduction is given m 
that part of the curve recorded later (Fig 6, lower part) The first part of 
the third strip of this figure shows the same sequence of events which has just 
been described The aberrant complexes are of a form which suggests inter- 
ference with conduction in the i ight branch of the bundle 3 At the point marked 



Fig S (Case 4) — Upper left Leads I, II and III, Oct 25, 1922, seven 
days before giving digitalis, rate, 103, upper right November 1, three hours 
before, rate, 96, lower Leads I and III, November 2, ten minutes after last 
dose of digitalis, rate, 145 

Ri, the ventricular complex is of different type It has the general outline ot 
those complexes produced by defect in conduction through the left branch oi 
the bundle Following this are two aberrant complexes which indicate an 
alternation m the facility with which the two branches of the bundle conducted 
impulses (Rj and R 4 ) Further on (Ro), the left branch again is at fault, 
and, after two more beats, the shapes of the succeeding complexes (Rc, Ri and 
R 8 ) indicate again an alternation in conduction through the two branches 

These records also show that, for a short time, this patient exhibited an 
independent ventricular tachycardia The ventricular rate was 145, the auricular 


3 Wilson, F N , and Herrmann, G R Bundle Branch Block and Arbor- 
ization Block, Arch Int Med 26 153 (Aug) 1920, An Experimental Study 
of Incomplete Bundle Branch Block and of the Refractory Period of the Heart 
of the Dog, Heart 8 229 (May) 1921 
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rate 170 (Fig 6, second strip) The shape of the complexes is different from 
that shown before digitalis administration, and they occur rhythmically 

Tachycardia was observed clinically at intervals for two days following 
the administration of digitalis For the third to the seventh days, inclusive, 
the highest recorded pulse rate was 105, the mean being 90 The next record, 
taken seven days after the last dose of digitalis, shows complexes of sub- 
stantially the same form as those recorded just before the drug was given 

This woman, weighing 190 pounds (86 2 kg), with considerable 
edema, myocardial insufficiency and chronic nephritis, received 16 c c of 
tincture of digitalis within sixteen hours There was an early diuresis 
This was followed by nausea and vomiting for thirty-six hours During 
the next week, she showed no symptomatic improvement While the 
patient exhibited toxic symptoms, the following electrocardiographic 
effects weie shown Auricular tachycardia, rate 160 to 170, partial block 



Fig 6 (Case 4) — Nov 3, 1922, twenty-two and one-half hours after the 
last dose of digitalis, Lead II (first strip) shows an auricular rate of 160 
with a ventricular rate of three-fifths as much, l e , 96 , long atrioventricular 
time preceding aberrant ventricular complexes In the second strip (Lead III), 
the rate of the auricles is 170, that of the ventricles, 145, position of auricular 
waves is indicated by markers The third and fourth strips are a continuous 
record in Lead III, alternation m direction of complexes R 2 , R, and R 4 , and 
of complexes R c , R- and R„ 

with certain atypical ventricular complexes apparently due to depressed 
intraventricular conduction, aunculoventricular dissociation with an 
auricular rate of 170 and an independent ventricular tachycardia, rate 
145, and depression of conduction through the bundle branches with 
altei nate recovery of the right and left branches After partial elimina- 
tion of the drug, the cardiac mechanism returned to normal 

A beneficial effect was shown after the first dose of 10 c c There 
was a prompt diuresis Following the additional amounts of digitalis, 
the ventricular tachycardia and the interference with intraventricular 
conduction gave evidence of serious intoxication of the heart muscle 
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COMMENT 

These four patients all developed auricular tachycardia as a result of 
digitalis administration Two of the four showed, comcidently with 
this auricular tachycardia, ventricular rates between 90 and 100, with 
complexes of supraventricular form The other two showed idio- 
ventricular tachycardia with abnormal ventricular complexes, the ven- 
tricular rates being 145 and 162, respectively These two patients, who 
exhibited independent ventiicular rhythms with abnormal ventricular 
complexes, manifested symptoms of much greater severity than the 
symptoms shown by the two others It would appear, therefore, from 
a consideration of these four cases, that toxic doses of digitalis produce 
on the human heart, when administered in increasing amounts, the fol- 
lowing sequence of abnormal mechanisms auricular tachycardia, 
increase m the ventricular rate until it exceeds the auricular rate, and 
independent ventricular tachycardia with abnormal complexes 

The quantitative effect of toxic doses of digitalis on the human heart, 
it will be obseived, closely parallels thus far its quantitative effect on the 
heart of the cat Robinson and Wilson 2 further observed changes in the 
type of the ventricular complexes, and, finally, ventricular fibrillation 
These changes m form of the ventricular complex they interpret as being 
the expression of impulses arising at different foci Our patients who 
exhibited signs of severe toxemia and at the same time showed inde- 
pendent ventiicular rhythm gave records which contained also evidence 
of impaired intraventricular conduction Theie is abundant evidence 
that drugs of the digitalis group do produce such depression of conduc- 
tion within the ventricle Robinson and B redeck 4 gave this interpreta- 
tion to the changing ventricular complexes that were lecorded in a patient 
ten minutes after an injection of 1 mg of strophanthin They further 
say that this record “is similar to those obtained by Levy and Lewis 
during this period of so-called potential (ventricular) fibrillation ” 

Wilson and Robinson, 5 in commenting on “spontaneous change m 
the form of the ventricular complex” shown by a patient with complete 
heart block twenty-three hours after a massive dose of digitalis, offer 
two possible explanations of the distorted complexes (a) a change m 
intraventricular conduction, or (b) a change m the location of the pace- 
maker It is not always possible to determine which of these causes 
operates to produce changes m the form of ventricular complexes 
Levy and Lewis, 6 indeed, interpret their curves, to which Robinson and' 

4 Robinson, G C, and Bredeck, J F Ventricular Fibrillation m Man- 
with Cardiac Recovery, Arch Int Med 20 725 (Nov ) 1917 

5 Wilson, F N , and Robinson, G C Two Cases of Complete Heart 
Block Showing Unusual Features, Arch Int Med 21 166 (Jan ) 1918 

6 Levy, A G , and Lewis, T Heart Irregularities, Resulting from the 
Inhalation of Low Chloroform Vapor and Their Relationship to Ventricular 
Fibrillation, Heart 3 99 (Oct 30) 1911 
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Bredeck make reference, not as evidence of depressed conduction, but 
as premature contractions arising from a number of separate foci In 
our patients, however, the evidence is very strong that the change was 
produced by variation m conduction through the bundle branches In 
either case, the abnormal ventricular complexes shown m oui records 
are an expression of a highly toxic action of digitalis on the hearts of 
these patients, and the parallel to the action of the drug on the cat’s 
heart is thus extended The production of ventricular fibrillation, if 
additional doses are administered after ventricular tachycardia with 
abnoimal complexes makes its appearance, is probable 

SUMMARY 

1 Four patients with normal cardiac mechanism developed tem- 
porary auricular tachycardia and atrioventricular dissociation after 
receiving large amounts of digitalis The ventricular rate was more 
than 90 in all four cases In two cases, the ventriculai late was more 
than 140 

2 Thd quantitative effects of large toxic doses of digitalis on the 
human heart thus closely parallels the quantitative effects of the drug on 
the heart of the cat in increasing the rhythmicity of cardiac muscle 

3 The lecords of the two cases with independent ventricular tachy- 
cardia gave evidence also of impaired conductivity through the bundle 
branches This evidence of impaired conductivity within the ventricle 
gives further support to the view that the effect of additional dosage 
further parallels the effect shown on the cat’s heart m producing 
ventricular fibrillation 
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III ADVANCED TOXIC RHYTHMS' 1 * 

DREW LUTEN, MD 

ST LOUIS 

In giving large amounts of the tincture of digitalis to a series of 
patients with normal cardiac mechanism , 1 I observed auriculoventricular 
dissociation with tachycai dia of auricles, of ventricles, or of both, as a 
toxic effect of the drug m four patients A comprehensive study of 
these toxic rhythms 2 showed a remarkably close parallel quantitatively 
between the effects in these patients and the toxic effects which weie 
observed by Robinson and Wilson to result when successive fractions 
of the lethal dose were administered to cats These authors found that 
further dosage produced ventucular fibi illation The diug was stopped 
about the tune of the appearance of these abnormal rhythms in my 
patients, and further harmful effects, fortunately, were not observed 

While the study of these effects of digitalis was m progress, there 
were published several repoits of abnormal cardiac mechanisms occur- 
ring m patients who had been receiving large amounts of digitalis One 
peculiar form of ventricular tachycardia, in particular, was reported by 
Schwensen 3 and by Felberbaum 4 This consisted m a regular tachy- 
cardia with an alternate change m the direction of deflection of the 
Q-R-S complexes Felbeibaum suggested the possible role of digitalis 
as a cause of this unusual mechanism, while Schwensen expressed the 
conviction that the diug was the causative agent Possible explanations 
of the exact mechanism by which this regular alternation in direction 
of the complexes might be produced were discussed by both authors 
The likelihood of its transition into ventricular fibrillation was empha- 
sized by both 

My own observations on the action of digitalis m producing 
ventricular tachycardia, referred to above, led me to believe that this 

•* From the Department of Internal Medicine, Washington University 
School of Medicine 

* Read before the Central Interurban Clinical Club, Dec 1, 1923 

1 Luten, Drew Clinical Studies of Digitalis, I, Effects Produced by the 
Administration of Massive Dosage to Patients with Normal Mechanism, Arch 
Int Med 33 251 (Feb 15) 1924 

2 Luten, Drew Clinical Studies of Digitalis, II, Toxic Rhythms, with 
Special Reference to the Similarity Between Such Rhythms in Man and in 
the Cat, Arch Int Med 35 74 (Jan ) 1925 

3 Schwensen, Carl Ventricular Tachycardia as a Result of the Admin- 
istration of Digitalis, Heart 9 199 (April 30) 1922 

4 Felberbaum, David Paroxysmal Ventricular Tachycardia, Report of 
a Case of Unusual Type, Am J M Sc 166 211 (Aug) 1923 
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unusual type of tachycardia was but a more advanced effect of the 
drug than that shown in the patients of my series 2 Certain portions of 
some of the records of my cases presented evidence which seemed to 
furnish, if not indeed to anticipate, an explanation of that action of 
digitalis by virtue of which the peculiar tachycardia m question might 
be produced 

In order to study these questions furthei, search for similar electro- 
cardiograms was instituted among the records of the heart station of the 
Washington Univeisity School of Medicine at Barnes Hospital Only 
two were found which weie similar in every respect to the records 
under consideration A third showed an alteration m direction of the 
ventricular complexes but the latter were not entirely rhythmic (This 
record is similar to that in another case reported by Schwensen as due 
to digitalis intoxication, and is somewhat comparable also to certain 
portions of some of the records of my patients to which reference has 
just been made ) The histones of the three patients from whom these 
electrocardiograms were obtained were then consulted In each case, 
it was found that the patient had received large amounts of digitalis 
just before the onset of the abnormal rhythm All three patients died 
within a short time after its appearance The evidence grows more 
convincing, therefore, that the abnormal mechanism in these three 
patients, as well as that in the cases reported by Schwensen and by 
Felberbaum, was induced by digitalis Still further weight was given 
to this conclusion, after the study was finished and while the results 
were being prepared for publication, m a report by Reid 5 He published 
an electrocardiogram which shows the transition of a ventricular 
tachycardia of not unusual type into one with an alternation in the 
direction of the complexes This was followed in less than thirty 
seconds by ventricular fibrillation and death The patient had just been 
given digitalis m large amount 

A solution of the second problem, i e , an explanation of the mecha- 
nism which produces this tachycardia with alternation m direction of 
complexes, is not so easy to reach, and any conclusion m the light of 
present data would seem to be equivocal This study, however, affords 
certain observations which appear to be of impoitance m trying to reach 
an understanding of the mechanism by which digitalis produces this 
peculiar tachycardia These observations will be presented and briefly 
discussed below Preceding this discussion, the histories of the three 
patients will be given as clearly as their records allow and their electro- 
cardiograms, which exhibit this abnormal mechanism as well as other 
toxic effects of digitalis, will be shown 

5 Reid, W D Ventricular Ectopic Tachycardia Complicating Digitalis 
Therapy, Arch Int Med 33 23 (Jan 15) 1924 
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REPORT OF CASES 

Case 1 — A woman, aged 64, admitted to the hospital, Feb 7, 1921, gave as 
her chief complaints dyspnea and edema She had never had rheumatism For 
several years, she had had attacks of dyspnea on exertion For six weeks prior 
to entrance, she had had increased dyspnea as well as orthopnea and edema 
She was cyanotic The heart dulness extended 14 cm to the left m the 
sixth intercostal space The apex rate was 115, the pulse rate, 73 The rhythm 
was absolutely irregular The first sound was impure at the apex, the second 
sound was followed by a short blowing murmur The diagnosis was cardiac 
decompensation , chronic myocarditis , hypertrophy and dilatation of the heart , 



Fig 1 (Case 1) — Upper Leads I, II and III of the record made, Feb 7, 
1921, before digitalis administration , lower the three leads the next day, 
thirteen hours after the administration of 10 c c of tincture of digitalis 


auricular fibrillation , hydrothorax, right and left, and edema At 3 30 p m , the 
day of admission, the electrocardiogram shown in the upper half of Figure 1 
was made It shows the characteristic features of auricular fibrillation 

The history does not give a clear picture of the patient, but it records that 
at 7 p m , the day of admission, she was observed to have pinpoint pupils, 
slow and irregular respirations (six to eight a minute), and that this condition 
was thought to be due to morphin She was given caffein sodiobenzoate, 7)4 
grains (0 48 gm), and strychnin, )4o grain These drugs were repeated m 
the same dosage, after forty minutes At 8 30 p m , she received 1 gram 
of a proprietary digitalis preparation The notation was made that this “equals 
2 cc of standard tincture” At 9 30 p m, she received 7)4 grams (048 gm ) 
of caffein sodiobenzoate and % o grain of strychnin The apex rate was then 
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150, the pulse rate, 70 At 10 p m, the respirations were still slow and 
irregular At that time, she was given 10 c c of tincture of digitalis The 
next morning at 11 15 (February 8), the electrocardiogram shown in the lower 
part of Figure 1 was made At noon it was noted that her breathing was 
“more regular, 25 to 28 per minute” The heart rate was 200, the pulse at 
the wrist, imperceptible At 9 p m , the same day, she received 5 c c of tincture 
of digitalis It was noted at that time that she was m a deep stupor, and that 
the edema had apparently increased Subsequent notes are fragmentary The 
patient died at 7 50, the following morning 

Only the two electrocardiograms shown in Figure 1 were made The one 
that was made subsequent to the administration of 10 c c of tincture of 
digitalis shows a regular tachycardia with a rate of 190 The auricular fibrilla- 
tion still persists The ventricular complexes are deflected alternately upward 
and downward This record is similar to that shown in Schwensen’s second 
case, and to the one shown in Felberbaum’s case It was this similarity which 
attracted attention and caused me to go over the history so as to discover 
whether the patient had received a large amount of digitalis just before the 
making of the electrocardiogram It may be mentioned here that this exact 
type of curve has been recorded clinically, so far as I am aware, only m 
patients with auricular fibrillation who had just received large amounts of 
digitalis 

Case 2 — A woman, aged 44, admitted to the hospital, Feb 1, 1922, had as 
the chief complaints shortness of breath, rapid heart beat and nervousness 
She had had a goiter for six years During the six months prior to admission, 
she had been worse and had developed edema and ascites 

All lobes of the thyroid were prominent There was considerable enlarge- 
ment of the cardiac outline The rhythm was absolutely irregular, rate 182 
There was moderate edema, and also evidence of ascites The diagnosis was 
cardiac decompensation, chronic myocarditis, hypertrophy and dilatation of 
the heart, auricular fibrillation and exophthalmic goiter 

The history makes no statement regarding previous digitalis administration 
She was given 6 c c of the tincture in three doses, the day of admission The 
drug was continued, 4 c c a day, until February 3, at which time she had 
received 12 c c It was stopped for twenty-four hours, and then again given, 
3 cc a day It is not clear from the record whether it was stopped on 
February 8 or 9 She had received 24 cc on February 8 

The patient’s exact condition is not dearly pictured by the history, but 
definite statements are made that she was improving, February 4 and 6 She 
began to grow worse, about February 8 She “gradually became weaker,” 
“breathing” became “difficult,” and oxygen was administered February 9 There 
were indications of pneumonia The patient died, the morning of February 10 
No necropsy was obtained 

The electrocardiogram shown m the left upper part of Figure 2 was made, 
February 2, after the patient had had 8 cc of tincture of digitalis 

It shows auricular fibrillation with a ventricular rate of about 200 a minute 
There had been a few extrasystoles None was noted, February 4, they were 
rare, February 6 The right upper part of Figure 2 shows the record of 
February 7 The ventricular rate had declined to about 150, but the number 
of extrasystoles had increased The lower part of this figure gives the record 
made February 8, about the date when the patient began to grow worse She 
was still receiving digitalis at this time The record shows a ventricular rate 
of about 125 But it shows also numerous extrasystoles These occasionally 
are strongly suggestive of coupling 

The electrocardiogram shown in the upper part of Figure 3 was made at 
11 a m, February 9, that m the lower part was made at 6 p m, the same 
day The earlier record shows abnormal ventricular complexes of widely 
different shapes The total ventricular rate is about 165 The later record 




Fig 2 (Case 2) — Upper, left record made, Feb 2, 1922, after 7 cc of 
tincture of digitalis in twenty-four hours , upper, right record, February 7, 
after 21 c c of tincture of digitalis in six days, lower record, February 8, 
after 24 c c of tincture of digitalis in seven days 



Fig 3 (Case 2) — Upper the three leads, February 9, at 11 a m , lower 
the three leads the same day, at 6 p m 









Fig 4 (Case 2) —Lead III, night of February 9 



Fig 5 (Case 2) — February 10, 9 a m, first two strips, a continuous record 
m Lead I, third and fourth strips, m Lead II and fifth and sixth, in Lead III 
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(lower part) shows a rhythmic tachycardia with alternation in the direction 
of the ventricular complexes The rate is 220 a minute This record is 
another example of the unusual mechanism in question 

Subsequent electrocardiograms were made at frequent intervals until the 
patient’s death, the next morning These show periods of the regular alternat- 
ing tachycardia of varying lengths Other portions of the curves show a 
mechanism which is similar but in which certain differences occur These 
include the following (a) The alternate deflections may not be invariably 
of opposite direction (Fig 4, top strip) , ( b ) The complexes, while alternating 
regularly in direction, may show variations in shape (Fig 5, second, fourth 
and sixth strips) Other portions show bigemmy which is frequently of con- 
siderable length (Fig 4, third strip) The space between the first and second 
component of the pairs is constant in places and constitutes true coupling The 



Fig 6 (Case 3) — Upper portions of the three leads, the day of admission, 
Sept 13, 1920, lower the three leads at 11 30 a m, September 20, one and 
one-half hours before the administration of 19 c c of tincture of digitalis 


shapes of both components of the couples frequently undergo considerable 
changes (Fig 5, first and second strips) Still other portions of these curves 
show isolated couples which are quite similar to the complexes of the alternating 
tachycardia (Fig 5, third strip) 

Case 3 — A man, aged 71, admitted to the hospital, Sept 13, 1920, complained 
of dyspnea, ascites and edema of the legs These symptoms had been present 
at intervals for about a year 

His general condition was “fair ” There was marked edema , the liver 
extended 5 cm below the costal margin , the heart sounds were clear but 
weak The cardiac dulness extended 17 cm to the left There were many 
extrasystoles The vital capacity was 1,700 c c The blood pressure was 
150 systolic, 100 diastolic The urine contained a large amount of albumin 
and many hyaline casts The nonprotem blood nitrogen was 44 4 mg per 
hundred cubic centimeters The patient's weight was 148 pounds (67 1 kg ) 
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There was no notation as to whether he had or had not recently received 
digitalis, but the history states that “heart medicine” had “relieved edema and 
ascites in the past ” The following summary is taken from the history The 
patient was kept quiet in bed with morphin and atropm or codein for the first 
five days without much reduction of the edema The size of the calf of the 
leg was reduced from 35 to 33 cm The signs of hydrothorax became more 
pronounced The weight dropped only 2 2 kg On the fifth day, he was given 
0 3 gm of theophyllin every three hours for three doses This produced no 
result, the patient gaining 1 kg in one day 

On the seventh day after admission, the patient was given a massive dose 
of digitalis (19 cc of tincture of digitalis) One and a half hours later, he 
showed pulsus alternans c Three and one half hours after administration, the 



Fig 7 (Case 3) — September 20, 4 pm, three hours after the administra- 
tion of 19 cc of tincture of digitalis, all strips in Lead II, the last two strips 
constituting a continuous record The position of the P waves is indicated 
by markers 

patient’s heart went into tachycardia, rate 160 The tachycardia persisted, with 
the rate dropping to 130, until the patient died suddenly, five hours after the 
administration of a massive dose of digitalis 

The necropsy report stated that the heart weighed 600 gm (free of blood) 
There were ecchimotic spots along the left descending coronary branch, also, 
a few pericardial hemorrhages over the epicardium of the left ventricle, verj 
few oi er the right ventricle Considerable coronary sclerosis was present 
The diagnosis was chronic diffuse nephritis (contracted kidney) , arterio- 
sclerosis, general, hypertrophy and dilatation of the heart, and subepicardial 
hemorrhages 


6 There is nothing in the record to show that the diagnosis of pulsus 
alternans was lerified 
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Electrocardiograms were made as follows (a) one day after admission , 
( b ) seven days after admission, one and one half hours before the administra- 
tion of the massive dose of 19 c c of tincture of digitalis, and (c) three hours 
after the administration of the digitalis 

Figure 6 (upper part) shows portions of the record made on the day after 
admission The three leads are shown The right hand part of the figure 
shows frequent extrasystoles which, m places, produce a bigeminy The left 
hand part of the figure shows portions of the record in which extrasystoles 
do not occur In the record made seven days later (Fig 6, lower part) extra- 
systoles occur less frequently 

Figures 7 and 8 show portions of the record obtained three hours after 
the administration of the dose of 19 c c of tincture of digitalis All the curves 
shown m Figure 7 were taken m Lead II The first strip of this figure shows 
an auricular rate of 150 a minute with an independent ventricular rate of 43 
The type of the ventricular complexes is different from that previously recorded 
The auricular waves are quite small, a change which frequently occurs after 



Fig 8 (Case 3) — September 20, 4 p m, three hours after the administration 
of 19 c c of tincture of digitalis, first and second strips, portions of Lead I, 
third and fourth strips, a continuous lecord m Lead III The probable posi- 
tions of the P waves are indicated by markers 

digitalization Their position is indicated by markers The second strip shows 
a pairing of the ventricular complexes, the shapes of both components of the 
pairs being similar to those which were seen the day after admission The 
pairing, however, is more persistent in Figure 7, and the ventricular rate is 
faster The third strip shows the auricular rate still about 150 The pre- 
dominant ventricular rate is 80 In this and m the fourth strip, the shape 
of the ventricular complexes undergoes many changes 

The fifth and sixth strips are continuous The latter part shows a tachy- 
cardia whose ventricular rate is 150 The beginning of this tachycardia (fifth 
strip) is marked by an irregularity, the exact type of which is somewhat open 
to question The fact, however, that the rate of the paroxysm, after it is 
established, is that of the usual auricular rate, i e, 150, would indicate its 
auricular origin Auricular waves, however, cannot be clearly distinguished 
either in this paroxysm or m that part of the record which immediately 
precedes it 

Other records of tachycardia are shown m Figure 8 The first and second 
strips are from Lead I The third and fourth strips constitute a continuous 
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record from Lead III The first strip shows the onset of a paroxysm The 
auricular mechanism is difficult to determine in this portion of the record 
The rate of the ventricular complexes is 180 a minute This is about the same 
as the rate at the beginning of the paroxysm whose onset is shown in the 
third strip, and which is probably ventricular m origin The rate of the last 
mentioned paroxysm, after it is well established, is 200 a minute 

The record immediately preceding the onset of the latter paroxysm is of 
great interest The small auricular complexes can be distinguished occurring 
at the rate that has been noted in other portions of the record, i e, 150 a 
minute The first five ventricular complexes exhibit an alternation in the 
direction of deflection and are of the general types indicative of interference 
with conduction through the right and left bundle branches The tendency 
to pairing, however, would suggest that the second and fourth complexes are 
produced by extrasystoles which arise in the right ventricle 

A similar difficulty arises in the attempt to interpret the second strip The 
complexes in this show, for the most part, an alternation m the direction of 
deflection This portion of the record is quite similar to the record in the 
first of Schwensen’s cases The auricular mechanism in Schwensen’s case, 
however, was normal, while the auricular mechanism in the second strip of 
Figure 8 is somewhat open to question There are, however, what look like 
traces ot small P waves occurring at the rate of about 150 lhe time interval 
between the lentricular complexes is not constant The total rate of the 
ventricle for the first two thirds of this strip is 137 

One interpretation of this record that suggests itself is that the upwardly 
deflected complexes are premature contractions whose point of origin is m 
the left ventricle In favor of this explanation is the fact that the paroxysm 
m the first strip is composed of complexes of similar shape, and also that 
the time interval between one of these beats and the beat immediately preced- 
ing it is of shorter length than the interval following it Under this inter- 
pretation, the downwardly deflected complexes are either the “normal” ventric- 
ular beats or they also are extrasystoles If the former, they are suggestive 
of delayed conduction through the left bundle branch, if the latter, they arise 
m the right ventricle Another suggested explanation of these complexes is 
that they record a paroxysm of tachycardia whose point of origin is m the 
bundle at or just above its bifurcation, conduction being delayed alternately 
through the right and left branches A complete explanation of these com- 
plexes is difficult to reach, but occurring as they do in close association with 
other mechanisms which are known to result from digitalis, the conclusion that 
thev also are due to its action 'would appear clearly indicated 


COMMENT 

The tachycardia which is the especial subject of this study, and 
which is recorded in Cases 1 and 2, presents certain features which 
differentiate it from that just described It occurred m both instances, 
as well as m the published cases to which reference has been made m the 
presence of auricular fibrillation It is rhythmic In the case in which 
a number of records were obtained (Case 2), it is closely associated 
with accurate coupling This association demands special comment No 
adequate explanation of coupling has been reached, but it is well known 
that the best examples of it occur m patients with auricular fibrillation 
under full digitalis therapj Lewis suggests that coupling may be 
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caused by reentrant beats, and he and his co-workers 7 * 9 mention the 
possibility that instances m which a rapid and almost regular rhythm 
seems to emanate from the ventricle also may be due to reentrant beats 
The most beautiful examples of digitalis coupling show an alternation 
m the direction of the complexes that constitute the couple, and these 
complexes, furtheimoie, exhibit, m general, shapes that are chaiactenstic 
of defective conduction first through one branch of the atrioventricular 
bundle and then through the other 

It is frequently impossible to determine whether abnoimal ventricu- 
lar complexes represent aberrant beats or extraventiicular systoles 
Variations m the shape of ventricular complexes may be due either to 
changing intraventricular conduction or to changes m the points of origin 
of the beats In cases that exhibit independent ventiicular lhythm, the 
difficulty in determining which of these factors is responsible for changes 
in the ventiicular complexes is enhanced An explanation of the 
alternating tachycardia shown m these cases and in the cases leported 
by Schwensen, by Felberbaum and by Reid, which rests on either of the 
foregoing possibilities, therefore, must at present be open to question 
Certain facts, however, suggest that an alternate vai lation in conduction 
through some portion of the right and left blanches of the atnoventncu- 
lar bundle rather than the occuirence of exti asystoles at multiple foci 
is responsible for the alternation in duection of the ventricular com- 
plexes of this tachycardia The exact ihythmicity of the complexes 
■would he difficult to explain except on the basis of then ongin at only 
one focus On the other hand, there is abundant evidence that digitalis 
does prolong conduction through the bundle branches as well as through 
the mam stem In one of my cases 2 which showed, as a toxic effect of 
digitalis, auricular tachycardia and aberiant ventricular complexes, there 
were short portions of the curve which showed an alternation m the 
direction of the aberrant complexes associated with shapes of the latter 
that were indicative of defect m conduction fiist through one branch 
and then through the othei 

If, however, this unusual mechanism is indeed due to alternate 
interference with conduction through the bundle branches, it might 
appear that this interference, if high in the branches, must cause, not 
a mere delay m the conduction of impulses, but an absolute blocking of 
them Otherwise, it would be difficult to explain how that branch which 
had just expenenced difficulty m conducting an impulse could lecover 
m time to transmit the succeeding impulse with even more facility than 
the opposite bianch which had just showed no evidence of impairment 

7 Lewis, T , Druiy, A N , Wedd, A M, and Ihescu, C C Observations 

Upon the Action of Certain Drugs Upon Fibrillation of the Auricles, Heart 

9 207 (April) 1922 
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But these complexes do not exhibit the exact shapes that are usually 
attributed to complete bundle branch block A possible escape from 
the dilemma is suggested in a recent report by Carter and Dieuaide 8 9 of 
tire recurrence of complete atrioventricular block m a patient who 
showed normal atrioventricular conduction between attacks These 
authors suggest that there is noimally a large reserve m the conducting 
capacity of the atrioventricular bundle, and that a few fibers may trans- 
mit impulses without delay even though the bulk of the bundle may have 
suffered serious impairment If this is true of the mam stem, it may 
apply also to the bundle branches Under this conception, the alternating 
tachycardia might be explained as follows Digitalis intoxication results 
in a tachycardia which originates at or near the bifurcation of the mam 
stem of the bundle The action of the drug has also impaired to a 
considerable extent the conductivity of the bundle branches An impulse 
is then transmitted over one (the right) branch but finds the other (the 
left) , for the most part, unable, at the moment, to transmit it A small 
strand m the impaired left branch, however, does transmit the impulse, 
but at a slower rate This gives the picture of defective (left) branch 
conduction The next rhythmic impulse finds the bulk of the left branch 
restored and ready for conduction, but the bulk of the right branch has 
not recovered, and so fails to transmit the impulse A small strand m 
the right branch, however, having been less impaired by digitalis, is able 
to transmit the impulse but at reduced speed This produces the picture 
of defective right branch conduction The bulk of the tissues of the 
ngh branch is then ready for the succeeding beat, but the mam part of 
the left branch is not, and so on with successive rhythmic impulses 

The question cannot be settled merely by an inspection of records 
It would, perhaps, be impossible to say whether the complexes m the 
latter part of the last strip of Figure 5 are aberrant, or whether they 
represent impulses which arise at different foci The sixth and seventh 
complexes from the end alternate in direction and are fairly typical 
of those composing the long, regular paroxysms On both sides of this 
pair the complexes change m shape There is little to strengthen either 
interpretation of the cause of these changes Digitalis is known to 
produce extrasystoles It is known to increase rhythmicity 2 It is also 
known to depress intraventricular conduction 7 Both extrasystoles and 
aberrant complexes, doubtless, occur m many cases of severe digitalis 
intoxication, and it is m just such cases that independent ventricular 
tachycardias occur 0 

8 Carter, E P, and Dieuaide, F R Recurrent Complete Heart Block 
with Normal Conduction Between Attacks, Bull Johns Hopkins Hosp 34 401 
(Dec) 1923 

9 Luten (Footnote 2) Schwensen (Footnote 3) Reid (Footnote 5) 
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The alternating tachycardia m question may be the expression of 
some sort of -circulating mechanism in the ventricle And just as the 
speed of transmission of impulses and the duration of the refractory 
phase may influence the type of circus movement in the auricle, so it 
may be that these factors cause further changes m, such a ventricular 
mechanism and that, in this manner, ventricular fibrillation is produced 
Experimental studies along these lines may explain the mechanism by 
which digitalis produces this peculiar tachycardia and by which it may 
possibly be shown that the latter ends in ventricular fibrillation When 
the exact nature of digitalis coupling is explained, it seems probable that 
the key to the explanation of this alternating tachycardia will have been 
found 
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THE PATHOGENESIS OF TETANY 
MACDONALD CRITCHLEY, MD 

LONDON 

Tetany may be defined as a condition of peripheral nervous hyper- 
excitability, characterized by intermittent spasms of the extremities, 
without loss of consciousness 

The first reference in the literature to tetany is attributed to Clarke 
(1815) Other names, particularly those of Kellie, Steinheim and 
Dansie, are associated with the earliei descriptions of the condition 
The title “tetany” we owe to Corvisart 

Tetany can scarcely be regarded as a distinct clinical disease but 
rather as a syndrome which may occur under a number of widely 
differing circumstances A proper understanding of the nature of this 
syndrome necessitates a close examination of the vanous etiologic con- 
ditions Lacking a more accurate classification, the tetanies are usually 
studied under one of the following divisions 

1 Tetania parathyreopriva 

2 Traumatic tetany 

3 The idiopathic tetany of workmen 

4 The tetany of gastro-intestmal disorders 

5 Infantile tetany or spasmophilia 

6 Maternity tetany 

7 Guamdm tetany 

8 The tetany of forced respiration 

9 The tetany of nervous diseases 

10 The tetany of alkalosis and acidosis 

11 The tetany of intoxications, infections, and “overexertion ” 

Each of these varieties demands closer examination 

1 TETANIA PARATHYREOPRIVA 

This is due to removal of the parathyroid glands This class also 
includes the cases of so-called tetania strumipnva, or the tetany com- 
plicating goiter operations 

The earlier thyroid surgeons (Schiff, Wagner, Colzi, Sanquirico, 
and Canalis, Horsley, Weiss, Kocher, Billioth, Reverdm and v Eisel- 
berg) were peifectly familiar with the tram of convulsive symptoms 
which often followed the complete removal of goiter, although they did 
not appreciate its significance The existence of the internal para- 
thyroids had been recognized by anatomists since their discovery by 
Sandstrom in 1880, but it was not until Nicolas, in 1893, had described 
the second or external pair of parathyroids that experiments m animal 
removal were seriously undertaken Rouxeau (1897) and Vassale and 
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Generali (1900) were among the first to extirpate all four parathyroids, 
and in the great majority of cases the animals died with the convulsive 
manifestations known to the thyioid surgeons as tetany Necropsy 
revealed no evidence of sepsis, hemorrhage or undue trauma Further 
experiments were performed by Biedl, Leischner, Lusena, Cnstiam, 
Alquier, Welsh, Edmunds, Gozzi and many others, all demonstrating 
clearly the association of the resulting symptoms with the tetany that 
had been observed to follow goiter operations The postoperative 
results were not entirely uniform however, although the majority of 
animals died as a result of parathyroidectomy, nevertheless there were 
survivors It was gradually realized that certain other factors influenced 
the severity of the symptoms 

Age — Young animals were found to be more susceptible to the 
effects of parathyroidectomy than adults (Berkeley and Beebe, Marine, 
Simpson) 

Type of Animal — Carnivora most readily developed tetany her- 
bivora least of all Ommvora occupied an intermediate position 

Pregnancy — The operation results were severest m pregnant animals 
(Morse, Carlson) 

Heredity — The offspring of parathyroidectomized animals were 
particularly susceptible (McCarrison) 

Diet — Feeding on flesh or meat extracts usually aggravated the 
symptoms, whilst the tetany could sometimes be kept in abeyance by a 
milk diet (Berkeley and Beebe, Marine, Morse, Paton and Findlay) 
Dragstedt, Phillips and Sudan (1923) find that feeding with putrid meat 
produced more violent manifestation than a fresh meat diet 

Coexistence of Rickets — Rachitic animals are very susceptible to 
parathyroidectomy (Morel, Paton and Findlay) Animals that sur- 
vived the acute phase passed into a state of “latent tetany” characterized 
by emaciation, weakness and numerous trophic disturbances such as 
falling out of the hair, osteoporosis, enamel changes and cataract forma- 
tion Acute convulsive manifestations were readily precipitated by even 
the slightest stimuli, such as the advent of pregnancy or the estrum, the 
injection of tuberculin or of placental extract 

2 TRAUMATIC TETANY 

This group comprises those cases of tetany where actual damage to 
the parathyroid glands has been known to occur Thus Cordier 
reported fatal tetany m a man, aged 41 , necropsy demonstrated a large 
cervical hematoma which had destroyed all the available parathyroid 
tissue Proescher and Diller have recorded fatal tetany occurring in a 
young man eight days after a severe blow Postmortem examination 
revealed numerous recent hemorrhages into the parathyroids, which 
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appeared to be hypoplastic Cases of sudden death among infants 
occasionally occur as the result of traumatic hemorrhage into the para- 
thyroids Three such cases have been recorded by Crosser 

3 IDIOPATHIC TETANY 

This is the name applied to a particular form of tetany, rare m this 
country but not uncommon m certain parts of the continent It also 
goes under the names of tetany of workmen, or epidemic endemic tetany 

Etiology — There are many points of very great interest m the 
etiology of this condition 

Sex Men are much more often affected than women Out of 418 
cases collected by v Frankl-Hochwart, 399 occurred in men and only 
nineteen in women 

The age incidence is that of early adult life (from 15 to 25) 

Place Tetany is endemic in Vienna and Heidelberg, but becomes 
epidemic m character about every tenth year The other parts of 
Austria and Germany are comparatively free from the disease Tetany 
occurs also in Russia and other parts of the Continent but is rare in 
Great Britain and America In India, tetany is endemic m certain 
valleys m the northern provinces, often corresponding With the goiter 
districts 

Hereditaiy appears to contribute to the production of tetany, and 
several members of a family may be simultaneously attacked 

Occupation, for some obscure reason, constitutes an important 
etiologic factor A large proportion of the men affected are tailors and 
shoemakers by trade, whilst among the women, seamstresses are most 
frequently affected Out of 528 cases collected by v Frankl-Hochwart, 
223 were shoemakers and 117 were tailors In the Petrograd outbreaks 
of tetany, metalworkers are particularly liable to the disease (Voss) 

Seasonal incidence A very large percentage of the cases occur in 
the spring, February, March and April being sometimes spoken of as 
“the tetany months ” 

The prognosis is good in these cases, the average length of the illness 
being from two to three weeks Death is extremely rare 

4 THE TETANY OF GASTROINTESTINAL DISORDERS 

There are two mam varieties of alimentary disorders which are apt 
to be complicated by tetany (1) gastric dilatation, (2) colonic inflam- 
mations (chronic diarihea, worms, etc ) 

Gastuc Tetany — The commonest etiologic factors in this condition 
are persistent vomiting and dilatation of the stomach 

Tetany is a rare complication m gastric diseases and probably never 
occurs except m patients who were in a state of latent tetany In such 
persons, acute symptoms are brought on by quite trivial stimuli, thus 
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they may arise during the operation of gastric lavage 01 even aftei 
simple peicussion over the epigastrium (Gerlardt) 

During infancy, gastric tetany occasionally arises in the course of 
such diseases as cyclic vomiting, congenital duodenal stucture, 01 hyper- 
trophic stenosis of the pylorus 

Experiments were made by MacCullum, Lmtz, Vermilye, Leggett 
and Boas on the operative occlusion of the pylorus in dogs Tetany 
appeared after a variable interval Tlieie was an increase m the alkali 
reseive of the blood The experiments weie repeated the following 
year by Hastings, Murray and Murray, with the production of tetany 
in every case The blood showed an increase both in the alkali reserve 
and m the calcium content 

Colonic Tetany — This is usually preceded by a prolonged spell of 
dial rhea In adults, tetany has been repoited as a complication in such 
diseases as sprue (Bassett-Snuth, Dorvam, Barach, and Murray) or 
chronic dysentery (Savy and Langeron) Blumgart reports two cases 
of chiomc diarrhea, anemia, and acidosis, in which tetany was a terminal 
feature Tetany may also occui in infections with a tapeworm (Riegil, 
Greenfield) 

In infants, celiac disease or tubeictilosis of the bowel occasionally 
give rise to tetany Langmead (fiom 1906 to 1909) collected nine 
cases of tetany in children, aged from 2y 2 1° 8 years, associated with 
dilated colon, chronic diarrhea, and the passage of offensive, porridge- 
like stools Possibly these were actually cases of celiac disease 

5 INFANTILE TETANY (SPASMOPHILIA) 

During the first three yeais of life many infants aie characterized 
by hyperexcitabihty of the penpheral neivous system and by muscular 
hypei tonus From time to time these children may be seized with 
generalized convulsions oi attacks of laryngeal spasm Such children 
were spoken of by Fmkelstem as exhibiting the “spasmophil diathesis ” 
Occasionally attacks occur which are indistinguishable fiom those of 
adult tetany Such attacks usually show a definite seasonal incidence, 
and aie closely associated with nckets and gastio-mtestmal disorders 

In studying a senes of cases of infantile tetany, two mam gioups 
may be detected 

(a) A larger group of cases almost always occumng m improperly 
fed infants Rickets is very fiequently piesent, and the tetany is 
usually preceded by an attack of gastro-ententis ( b ) Cases of tetany 
of other causation, occui ring in infants Such instances are those of 
nephritis tetany, the tetany of chiomc dianhea, etc The children aie 
usually a little older, and there is no definite etiologic association with 
rickets These cases foim but a small group and should be considered 
apart 
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Male infants with tetany slightly outnumbei the female, and the 
pooier classes aie more often affected than the well-to-do There is 
a definite seasonal incidence, the majority of all cases occurring in the 
months of February, March and April Scarcely any cases are met 
with during the summer months Dr John Thomson remarked on the 
prevalence of tetany when cold winds were blowing 

Heredity certainly takes a part in the etiology , the mothers of many 
spasmophilic infants themselves show signs suggesting a condition of 
latent tetany 

Inquiry into the diet elicits many points of intei est 

1 Tetany is very lare in breast-fed infants 

2 Tetany usually arises m babies fed on one of the proprietary 
milk preparations , less frequently it is seen m infants fed on cow’s 
milk mixtures Finkelstem set out to determine which constituent of 
milk was responsible for the production of tetany By the addition of 
the various components of milk to the dietary he found that neither the 
fat, sugar nor protein was responsible, but that one or all of the inor- 
ganic salts was the causative factor Brown and Fletcher found that 
infants fed on a high carbohydrate dietary were liable to develop tetany, 
piowded the piopnetaiy article had been subjected to a high tem- 
perature m the couise of its manufacture 

The association of rickets with tetany is particularly striking, being 
first pointed out by Sn William Jenner In Kirchgasser’s series of 263 
cases, rickets was pi esent m 79 8 pei cent , Escherich puts the pro- 
portion as high as 95 per cent Associated with attacks of tetany, 
laiyngospasm or even generalized convulsions may occur simultane- 
ously The actual precipitating cause of tetany in rachitic children is 
usually an attack of gastro-enteritis Acute specific fevers, broncho- 
pneumonia, streptococcal sore throats, teething or worms will also act 
as a source of liritation sufficient to translate latent spasmophilia into 
actual tetany 

6 MATERNITY TETANY 

Tetany may arise in the course of pregnancy (tetania gravidarum) 
or during lactation (tetania lactanum) It is uncommon m this country, 
but is not rare in Vienna and other localities where tetany is endemic 
The patient during the latter half of pregnancy is much more liable to 
tetan} , especially during the sixth, seventh and eighth months The 
actual onset may even date from the commencement of uterine con- 
tractions (Neumann) 

7 GUANIDIN TETANY 

Guamdm is a nitrogenous basic substance of highly toxic properties, 
occurring in minute traces in the liver, muscles, serum and urine, and is 
probably excreted either as creatmm or urea Convulsive manifesta- 
tions have been known to follow injection of the substance (Gergens and 
Baumann, 1876, Putzey and Swaen, 1876, Fuhner, 1906) 
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Paton and Findlay (1916) earned out a series of injection experi- 
ments in animals, with the production in every case of symptoms indis- 
tinguishable from those of parathyroid tetany One may reproduce 
here a summary of their findings 

1 Small doses of guamdm excite the spinal cord while large doses 
depress it 

2 Guamdm tetany is relieved by calcium 

3 Latent tetany can be precipitated by guamdm in doses insufficient 
to cause symptoms in normal dogs 

4 Guamdm mci eases the electrical excitability of the peripheral 
nerves 

5 There is an optimum concentration for the action on the periph- 
eral nerves, while the action on the central nervous system is directly 
proportional to the dose 

6 Parathyroid tetany resembles guamdm tetany m all particulars 
(spasticity, tremors, increased electrical excitability, loss of balance, 
etc ) 

8 TETANY OF FORCED RESPIRATION 

Tetany arising m the course of alterations in the lespiratory rhythm 
(light anesthesia, tachypnea, etc) has been noted by Vernon (1909), 
Yandell Henderson (1909), Hill and Flack (1910), Stem (1916) and 
Collip and Backus (1920) Barker and Sprunt (1921) reported a case 
of hysterical polypnea followed by tetany occurring as a sequel to 
encephalitis lethargica The most interesting contribution, however, 
has come from America, Grant and Goldman (1920) produced transi- 
tory attacks of tetany in normal persons by the process of “ovei- 
ventilation of the lungs ” The subject, lying on his back, breathed as 
deeply as possible, slowly and regulaily In every case, tetany developed 
after an interval of from fifteen minutes to an hour 

9 THE TETANY OF ALKALOSIS 

There are many cases on record of tetany arising after the thera- 
peutic administration of large doses of alkalis Blum produced spasms 
m diabetic patients by the intravenous administration of alkalis How- 
land and Marriott recorded other cases among infants Horrop pro- 
duced tetany in an adult with mercurial poisoning by the administration 
of bicarbonate of soda Healy recorded six instances of tetany develop- 
ing in women after the rectal administration of 80 gm of sodium 
bicarbonate m mistake for simple enemas Four of the patients died 
but the other two recovered after vigorous calcium medication Another 
case of tetany in alkalosis is reported by Tiletson and Underhill 

10 THE TETANY OF ACIDOSIS 

Although cases of actual tetany aie rare manifestations in acidosis, 
an mciease in the electrical excitability of peripheral neives is not 
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uncommon in bronchopneumonia, pertussis, nephritis, rickets and other 
diseases of infancy associated with an alkahpenia It is possible that 
the tetany which has been observed to follow the administration of 
serum is actually an example of the tetany of acidosis 

11 THE TETANY OF NERVOUS DISEASES 

Tetany has been observed as a rare complication m certain neivous 
disorders, m particular, cerebellopontine angle tumors, syringomyelia, 
meningitis and Friedreich’s ataxia 

12 THE TETANY OF INFECTIONS AND INTOXICATIONS 

Occasionally tetany arises m the course of an acute specific fever, • 
especially m those districts where idiopathic tetany is endemic Typhoid 
in particular is apt to be complicated by tetany, while it is not unknown 
m the course of influenza, pneumonia, scarlet fever or cholera The 
various intoxications, lead, mercury, chlorofoim, alcohol, morphin, male 
fern, spermin, and phosphorus have all been known to give rise to 
tetany 

13 THE TETANY OF OVEREXERTION 

James Collier has recorded a case of a girl guide who constantly 
developed typical tetanic spasms after she had performed long distance 
marches 

clinical features of tetany 

With a few relatively unimportant exceptions, the symptomatology 
of the various types of tetany is remarkably similar A brief descrip- 
tion is advisable of the phenomena common to these varieties The 
brunt of the morbid process falls on the nervous system, the peripheral 
neurones suffering more than the higher centers The phenomena may 
be conveniently studied under three headings (1) motor, (2) sensory, 
(3) sympathetic or vasomotor 

The chief motor manifestations consist of intei mittent tonic spasms 
of the extremities, without any loss of consciousness The hands and 
feet take up characteristic postures (accoucheur’s hand, carpopedal 
spasm) In animals there are in addition muscle fibrillation, hypertonus, 
choreiform macrokmetic movements of the limbs, and “intention 
spasms ” The peripheral nerves are markedly hyperexcitable and 
respond with the greatest readiness to mechanical and electrical stimuli 

Sensory manifestations are rarer and include subjective sensations 
of pain, numbness, tingling, etc There may be an actual electrical 
hj'perexcitabihty of the sensory nerves (Hoffmann) or the nerves of 
special sense (Chvostek, Jr ) Kashida has pointed out that the applica- 
tion of hot or cold objects may elicit an increased sensory motor reaction 

Sympathetic upset is expressed by involvement of the unstriped 
musculature and by vasomotoi derangements Thus one may find spasm 
of the esophagus and larynx and of the pjdoric, anal or pupillary 
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sphincters, of the diaphiagm (Bechterew) , or of the bronchi Altera- 
tions may occur in the respiratory mechanism causing apnea or polypnea 
Tachycardia is common, especially m dogs, and death has been said to 
occur from “tetany of the heart” Among the vasomotor upsets one 
may include lachrvmation, polyuria, salivation, intermittent hydrai- 
throses, edema, mydriasis, hyperhidrosis and dermographism Arterial 
spasms may give rise to a condition resembling Raynaud’s disease, 01 
even to transient attacks of amaurosis Falta states that there is an 
increased susceptibility to injections of pilocarpm and epmephrm 

METABOLISM IN TETANY 

All clinical varieties of tetany are accompanied by giave metabolic 
changes which, although differing in certain details, piesent on the 
whole a marked uniformity The most constant and sti iking alterations 
in the majority of cases of tetany occur in the calcium metabolism 
There is first an increased excretion of lime and a reduction m the 
fccl'i i r «i i c hi m' 11 ' 1 ratl ° Secondly there is a depletion in the calcium 
reserve of the body Eidheim remarked on enamel changes rapidly 
following parathyroidectomy, causing the teeth to decay and snap off, 
fractures also healed slowly and with imperfect callus, Leopold and v 
Reuss found a quantitative diminution m the lime content of the 
bones, whilst Iselm reported osteopoiotic skeletal changes The pro- 
portion of lime falls in muscles (Underhill and Blatherwick) and also 
in the bram (MacCullum and Voegtlm, Edmunds, Quest and Czerny) 
A reduction in the serum calcium content is a very frequent phenom- 
enon, Howland and Marriott maintain that tetany will not arise until 
the calcium level falls from the normal ( 10 mg per cent ) to 5 mg 
Cruickshank (1923) states that theie is a relative increase in the amount 
of diffusible calcium, with a reduction in the total quantity The 
amount of calcium in the cerebrospinal fluid is normally very constant, 
but m tetany it may be reduced to mere traces (Critchley and O’Flynn) 
Although the reduction in the serum calcium content is usual, there may, 
however, be actually a slight increase in certain vaneties of experimental 
tetany (e g, after foiced respiration, or the ligature of the pyloius in 
dogs) The whole picture of the calcium metabolism may be crystallized 
m the term “negative calcium balance ” 

Changes may occur m the metabolism of other moigamc com- 
pounds, thus a phosphorus retention is common (Greenwald, Salvesen) , 
sodium and potassium are often retained and the excretion of sulphur 
may be increased (Gieenwald) Changes m the magnesium content 
are not constant (Howland and Mairiott) Loeb and Matthews 
emphasize the importance of the balance between the metallic salts in 
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tetany , m their opinion the characteristic change lies in the increase m 
the mtin sodlum + p° ta l!iH5L in the blood (Kramer, Tisdall and Howland) 
The nature of the acid base upset m tetany is controversial, as both 
acidosis and alkalosis have been observed In tetania parathyreopriva, 
Morse, Cordier, Togawa, Salvesen and Greenwald have reported states 
of acidosis, whilst McCann stated that an alkalosis is present Wilson, 
Stearns and Thurlow state that there is a condition of alkalosis rapidly 
followed by acidosis Howland and Marriott found a normal alkali 
reserve Alkalosis was constant m the tetany of forced lespiration 

The nitrogen metabolism is chaiactenzed by 

1 An increased excretion of nitrogen 

2 An increased — latio m urine 

3 An increased ammonia ratio 

4 An occasional rise in the ammonia content of the blood 

5 Cieatmuna and an mci eased output of cieatimn (In guamdm 
tetany there is also an increase in the creatm content of the muscles 
[Wishait] ) 

6 The appeal ance in the blood stream of ceitam protein derivatives 
normally excreted as urea and which are highly toxic bodies Chief 
among these are guamdm and methylguamdin The origin of these 
bodies is uncertain and cyanamid (Koch), argimn, creatm and lecithin 
(Paton) have been cited as the possible precursors The urinary output 
of these bodies is also greatly increased, and there is a reduction m the 
amount of guanidin normally present in muscle 

There are but few references in the literature to the metabolism of 
the carbohydrates Watanabe reported a lowering of the blood sugar 
level m experimental tetany and G A Claik has found a similai condi- 
tion m guamdm tetany 

The utilization of fats by the organism appears to be diminished 
(Underhill, Tilestone and Bogert) 

1 he pathogenesis of tetany is still a matter for much speculation and 
many theories have been formulated to explain its clinical and pathologic 
features The earlier observers regarded tetany as a manifestation of 
acute rheumatism, later it was spoken of as a form of intermittent 
tetanus Today there are three mam hypotheses which demand atten- 
tion, and they may be spoken of as the calcium privation theory, the 
endocrine theory, and the theory of toxic origin Each one requires 
closer study 

THE CALCIUM PRIVATION THEORY 

This theory, formulated by MacCallum and Voegtlm m 1908, has 
received wide recognition, being based on a large number of observa- 
tions, experimental, clinical, metabolic, pathologic and therapeutic Thus 
Sabbatani (1901) by applying a solution of lime salts to rabbits’ con- 
volutions, was able to reduce the excitability, conversely, the applica- 
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tion of calcium precipitating solutions (e g , oxalates) caused a hyper- 
excitability of the cerebral cortex Loeb (1902) showed that the injec- 
tion of oxalates or citrates into animals pioduced muscular twitclungs 
MacCallum, Lambert and Vogel (1914) perfused an amputated limb 
with calcium freed blood, with the production of peripheial nervous 
liyperexcitabihty On the clinical side, tetany is known to occur fre- 
quently in conditions characterized by a calcium drain such as preg- 
nancy, lactation, rickets and occasionally osteomalacia Biochemical 
examination shows that the calcium content of the serum and cerebio- 
spmal fluid is very fiequently reduced while the output is increased, at 
the same time there is an actual diminution in the amount of calcium 
present m the brain, muscles, bones and teeth The therapuetic value 
of intravenous calcium salts m tetany is unquestionable although the 
effect wears off after twenty-four hours Bergheim, Stewart and Hawk 
(1914) and Salvesen (1922) have shown that the manifestations of 
tetania parathyreopriva may be kept m abeyance by feeding the animals 
on a high calcium diet for some time before operation 

These observations are all of striking interest and merit close con- 
sideration, but a number of opposing facts may be cited which combine 
to render this present theory untenable Thus whilst conditions of 
increased lime excretion are undoubtedly liable to be followed by tetany, 
nevertheless tetan}' even more frequently occurs without any such 
etiologic factor being demonstrable Secondly, the interpretation of 
the lesults of blood calcium analyses requires consideration, can the low 
figure in tetany be due to a mere mechanical dilution of the blood by 
a condition of hydremic plethora, as in some cases of nephritis ? Or 
again, may not the low calcium figure be the l esult rathei than the cause 
of the tetany ? Thus in cases of rapidly produced experimental tetany 
(as m forced respiration or ligature of the pylorus) there is no reduc- 
tion in the serum calcium Moieover, m diabetes and other diseases 
the calcium level may fall considerably without tetany resulting The 
figures may also be lowered experimentally by the injection of phos- 
phates, or copious bleeding followed by saline infusions, and no tetany 
appears With reference to the benefit fiom calcium medication, it 
must be remembered that calcium is not alone m its theiapeutic effect, 
thus barium and magnesium salts are also efficacious , Canestro has 
derived benefit from injecting strontium compounds, whilst Froum 
found lanthanum and thorium of value Saline transfusions may also 
be beneficial (MacCallum and Voegthn, Joseph and Meltzer) Most 
important of all, Paton and Findlay, Cruickshank and many others have 
shown that mere bloodletting alone will definitely improve symptoms m 
tetany 

THE PARATHYROID THEORY OF TETANY 
The striking similarity m clinical and metabolic features of the 
tetanies to the manifestations following parathyroid removal tempt one 
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to formulate a common pathogenesis The unitary conception of Pmeles’ 
attempts to place all varieties of tetany on a common pathologic 
basis, namely, parathyroid insufficiency Thus the idiopathic tetany of 
Vienna is said to be due to an acute specific infection picking out the 
parathyroid glands, gastric and colomc tetany arise from the action 
of bowel toxins on an unstable parathyroid system, maternity tetany 
is due to a physiologic parathyroid upset aggravated by a severe calcium 
dram, spasmophilia is due to a lesion of the glands in infancy and 
Erdheim and others have found hemorrhages into the glands at 
necropsy , guamdin tetany is due to lack of the ferment argmase, which 
is present in the paiathyroids and which converts guamdm into urea 

This hypothesis, however, is deplorably barren in chemical, his- 
tologic or clinical evidence The significance of necropsy parathyroid 
hemorrhages is very doubtful , they are commonly found m postmortem 
examination of patients dying m convulsive or comatose states, such 
as cerebral tumor, uremia, etc Moreover, histologic evidence has been 
negative in the great majority of necropsies on cases of tetany The 
hypothesis of the toxic action of bowel amins m the production of 
gastric and colonic tetany is unsupported by the work of Muller, Strauss, 
Gumprecht, Ewald and Jacobsohn, Albu and others, who have searched 
m vain for any such poisonous bodies Tetany, however, is conspicu- 
ously rare m those cases which are essentially characterized by fecal 
stasis and toxin absorption, namely, Hirschsprung’s disease, splanch- 
noptosis, and chronic intestinal obstruction 

The evidence of parathyroid instability during pregnancy is 
extremely meagei, and there are many other gross metabolic changes 
apart from those occurring in the calcium balance It seems extremely 
improbable that the absence of four such minute bodies as the para- 
thyroids should deplete the organism of its supply of argmase when 
the spleen is known to contain large amounts of this ferment The 
tetany of forced respiration is scaicely explicable by this theory, for it 
is difficult to conceive a temporary parathyroid insufficiency occurring 
m a normal person and persisting only for an hour Lastly, it may be 
pointed out that although parathyroid grafting is occasionally of value 
m the tetany following goiter operations, the treatment of tetany by 
parathyroid extract is futile 

THE THYROIDAL THEORY 

In many respects the thyroid and parathyroid glands are opposed in 
function, and it is conceivable therefore that the symptoms of para- 
thyroid tetany may be due to an uncompensated thyroidal effect 
(Rudmger) McCarrison has shown that the geographic distribution 
of idiopathic tetany corresponds closely with that of endemic goiter 
Such an hypothesis, however, fails to explain why tetany should occur 
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when both thyroid and parathyroids are simultaneously removed The 
clinical expression of thyroid overactivity, namely, exophthalmic goiter, 
bears but little resemblance to tetania parathyreopnva 

THE THEORY OF THYMUS OVERACTIVITY 

Uhlenhuth (1917) injected salamander larvae with thymic extract 
and so produced tetany At a later stage in their development, namely, 
after the appearance of the parathyroids, spontaneous cure resulted 
Uhlenhuth thereupon suggested that the thymus and the parathyroids 
had mutually opposing secretions, the tetany following the removal 
of the latter was therefore due to the uncompensated action of the 
thymus 

On the other hand, Honeyman has shown that removal of the thymus 
and parathyroids, in mammals at least, will result m tetany Moreover, 
removal of the parathyroids in the adult will still cause tetany, although 
the amount of active thymus tissue must be extremely small Again, 
conditions giving rise to an hypertrophy of the thymus, such as may 
occui with lymphosarcomas, or m myasthenia gravis, are not charac- 
terized by symptoms of tetany 

THE ANOXEMIA THEORY 

Morns (1923) demonstrated that the production of a state of 
anoxemia in animals caused a constant increase m the electrical excita- 
bility of the peripheral nerves This artificial oxygen starvation he 
produced by the following methods (a) by partial asphyxiation, 
(&) by lowering the surface temperature, (c) by producing a profound 
anemia, ( d ) by the administration of sublethal doses of cyanids, thus 
creating a nondissociable fiemoglobm-oxygen combination 

In every cases, peripheral hyperexcitabihty (increased electrical 
excitability) resulted 

Clinically, conditions of anoxemia may arise m (1) profound 
anemias (e g, rickets, sprue) , (2) conditions of malventilation (as m 
the Glasgow slums where rickets and tetany are rife) , (3) pulmonary 
diseases, where increased electrical excitability or even tetany may occur 
Bronchopneumonia and whooping cough aie the best examples of this 
type Morris found a kathodal opening contracture of 3 m a m two 
infants with bronchopneumonia and a kathodal opening contracture of 
1 8 m a case of pertussis 

Associated with these states there may be also a reduction m the 
serum calcium content 

Before accepting this theory it must be remembered that bronchitis 
is a frequent concomitant of rickets , hence probably the associated 
increase m nervous excitability and lowered serum calcium in respira- 
tory diseases The anemia in rickets and sprue is seldom so profound 
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as to cause an anoxemia, while tetanic manifestations are lare m the 
very grave anemias Incomplete oxidation is known to precipitate 
calcium m various situations, no such calcaieous deposition occurs m 
tetany 

THE GUANIDIN THEORY 

The injection of guanidm has been known to produce muscular 
spasms m animals since 1876, but no association was ever suggested 
between these phenomena and tetany until Koch in 1912 demonstrated 
that methylguamdm appeared in increased amounts in the urine of 
parathyroidectomized dogs Burns and Sharp (1916) estimated the 
guanidm content of the urine and blood m normal and tetanic dogs, and 
found a marked increase m the lattei They then found a similar 
increase m the urine of spasmophilic infants Paton and Findlay there- 
fore commenced a series of experiments in the production of tetany by 
guanidm injection They found in eveiy case such a striking similarity 
in clinical and metabolic phenomena that they formulated the theory 
of guanidm intoxication as the cause of tetany The function of the 
parathyioids they believed lay in the regulation of guanidm metabolism 
and the control of muscle tonus The role of the calcium leserve was 
to render the toxins innocuous, either by direct combination or by 
decreasing the permeability of the tissue cells 

This hypothesis, although accounting for most of the phenomena m 
tetany, fails, however, in some few particulars It does not explain 
the changes m the acid base equilibrium which are so prominent m 
tetany , neither does it explain the rapid production of tetany in normal 
persons by a process of ovei ventilation of the lungs These are both 
phenomena of gieat importance in the pathogenesis and require 
explanation 

PRESENT THEORY 

On reviewing the facts at one’s disposal concerning the etiology and 
metabolism of each variety of tetany, it will be noticed that only one 
feature is common to all, namely, an alteiation of the metabolism of 
nitrogen Calcium upset and disorders of the acid base equilibrium are 
both of frequent occurrence, but there are many cases of tetany m which 
no such changes are demonstrable The piesent suggestion is that the 
precipitating cause in all types of tetany is an alteration m nitrogen 
metabolism leading to the appearance m the blood stream of highly 
toxic nitrogenous by-products which are normally excreted as urea or 
creatin These toxic substances are probably guanidm or some of its 
derivatives Two other factors of importance will require explanation 
(1) The cause of the pei verted nitrogen metabolism, (2) the role played 
by calcium 

The factors regulating the metabolism of nitrogen are 'extremely 
numerous and upset if any one of these is liable to give rise to tetany 
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Whilst the exact nature of these regulating processes is unknown, mam 
probable factors may be pointed out 

ENDOGENOUS FACTORS 

Parathyroid Integrity — The gross changes in nitrogenous equi- 
librium resulting from parathyroid removal suggest that an important it 
not the puncipal function of these glands is to help control the metabo- 
lism of nitrogen In the absence of adequate compensating factors, 
therefore, parathyroid removal is followed by abnoimal katabohc 
changes m the nitrogen reserve, which aie manifested clinically as 
tetany 

Autointoxications — Piegnancy may be regaided in many ways as a 
state of toxemia m which the nitrogen balance suff eis Severe pei- 
version will lead to tetany The gastro-mtestmal varieties of tetany are 
also capable of a similar explanation 

H + /OH~ Equilibrium — Gross changes m the acid base balance 
naturally alter the normal nitrogen functions, and in seteial cases 
tetany results Such may be the explanation of the tetan) following 
massive alkali medication, the tetany of ketosis, 01 the admunstiation 
of serum, and of forced lespnation 

EXOGENOUS FACTORS 

Diet — It is possible that nitrogen metabolism is aftected by an 
inadequate or unsuitable dietary or by the absoiption of poisons fiom 
the alimentary tiact examples may be found in ergotism, intoxica- 
tion by the male fern, lead, mercury, speimm, etc A high creatm diet 
is another deleterious influence on the normal path of nitrogen 

Rcspn ation — Conditions of anoxemia or conversely a deficiency in 
carbon dioxid, by altering the acid base mechanism of the body, alter 
the ammonia leserve This suggests an explanation for the occurrence 
of electrical hyperexcitabihty m states of partial asphyxia, and also the 
tetany of forced respiration 

Vitamin Deficiency — The metabolic results of a vitamin deficient 
diet are extremely varied and nitrogen suffeis to no small extent, as 
may be shown by the occuirence of acidosis Hence possibly arise the 
spasmophilia of rickety infants, and the tetany occuiung in sprue and 
celiac disease It is not even necessaiy for the diet to be deficient in 
a vitamin, the important point is the absoiption Conditions of chionic 
diarrhea and peisistent vomiting aie essentially states of malabsorption 
and it is conceivable that tetany, when arising m these diseases, is due 
primal fly to nonassimilation of vitamins 

Acute Infections — The epi-endemic nature of the tetam of -work- 
men, its hereditary and familial tendencies its seasonal incidence its 
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transient and often febrile course, the frequency of recurrences, all 
point to an acute orgamsmal infection Paton and Findlay suggest that 
the virus selects the parathyroids the same way that mumps picks out 
the parotid gland 

The role of the calcium metabolism lies m the neutralization of cir- 
culating toxins either by direct combination to form an innocuous sub- 
stance or by rendenng the tissues less permeable The circulating 
calcium acts as a restraining influence on the activity of the central 
nervous system, and in its capacity as a base helps to regulate the pu 
concentration of the blood The appeal ance m the circulation of toxic 
nitrogenous by-products will therefoie deplete this reserve, causing a 
negative calcium balance, a hypersensitivity of the peripheral neurones, 
and an upset m the normal mechanism The administration of 

calcium salts, the withdrawal of blood or the dilution of the circulating 
poisons by saline all naturally alleviate the symptoms of tetany, and tend 
to break the vicious circle that has been formed 

SUMMARY 

Tetany is a metabolic disoider, characterized clinically by peripheral 
nervous hyperexcitability and by intermittent spasms of the limbs 
It may arise either as a disease sui generis (idiopathic tetany) or as 
a complicating factor in the course of other morbid or physiologic states 
Tetany is essentially an intoxication by nitrogenous by-products 
which may appear under a great variety of conditions 

There is no evidence that parathyroid upset is the cause of the 
symptoms m any variety except tetania strumipriva 

The acid base mechanism and the calcium metabolism may be sec- 
ondarily affected in tetany 



BLOCK OF THE BRANCHES OF THE BUNDLE OF HIS * 

CLINICAL NOTES ON THE CHANGES FOLLOWING THE ADMINISTRATION 
OF DIGITALIS, COMMENTS ON THE LEVOCARDIOGRAM, 

DEXTRO C ARDIO GR A M AND BICARDIOGRAM 

T STUART HART, MD 

NEW YORK 

A lesion of a branch of the bundle of His is not as lare as is com- 
monly supposed It is one of the heart defects that can only he detected 
by means of electrocardiographic records, and because these are often 
difficult to secure a gieat many of these cases aie unrecognized One 
who has the oppoitumty of studying laige numbers of heart defects 
with the aid of electrocardiogiams is able to make this diagnosis at fairly 
fiequent mteivals 

The facts presented m this paper are based on a study of twenty-five 
cases seen in the last six years For this purpose only those cases which 
show curves that are generally accepted as typical of this lesion have 
been selected, the cases showing graphic records of a less characteristic 
type will not be considered at the present time 

The following cutena have been used m selecting curves which are 
included m the present group 

1 Q-R-S interval exceeds 0 1 second 

2 Q-R-S showing a considerable amplitude 

3 Q-R-S notched in the leads of considerable amplitude 

4 T' large and opposite in direction to the mam deflection of Q-R-S 

As to the type of curve characteristic of a lesion of the right as 

contrasted with a lesion of the left branch of the bundle, there is still 
a difference of opinion 1 The records secuied from experimental 
animals are not constant and must be used with much caution m inter- 
preting the lesions m man Further, the pathologic evidence is quite 
conflicting We have no new evidence to offer in the solution of this 

*• Read by title before the American Society for Clinical Investigation, 
Atlantic City, May 5, 1924 

1 Eppinger and Rothbergei Ueber die Folgen Durchschneidung der 
Tawaraschen Schenkel des Reizleitungssystems, Ztschr f klin Med 70 1, 1910 
Eppinger and Stoerk Zur Klmik des Elektrokardiograms, Ztschr f klin Med 
71 157, 1910 Cohn and Lewis The Pathology of Bundle Branch Lesions of 
the Heart, Proc New York Path Soc 14 207, 1914 Lewis The Spread of 
the Excitatory Process in the Vertebrate Heart, Phil Tr Roy Soc London 
207 221, 1916 Wilson, F N, and Herrmann, G R Bundle Branch Block 
and Arborization Block, Arch Int Med 26 153 (Aug ) 1920 Oppenheimer 
and Pardee The Site of the Cardiac Lesion in Two Instances of Intraventric- 
ular Heart Block, Proc Soc Exper Med & Biol 17 177, 1920 
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phase of the subject and therefore will not discuss it For the purposes 
of the present paper we will use the most widely accepted mterpi etation, 
namely (1) The mam deflection of the Q-R-S group directed upward 
in Lead I and downward in Lead III indicating a lesion of the right 
branch, (2) the mam deflection of the Q-R-S group directed down- 
ward in Lead I and upward m Lead III indicating a lesion of the left 
branch 

As a rule the history, physical signs and couise of these cases have 
no clue in them to distinguish them from cases of chronic myocarditis 
with gradually advancing cardiac insufficiency Certain patients who 
presented evidence of a complete auriculoventncular block, m conjunc- 
tion with a defect of a branch of the bundle, have shown the bradycardia 
and sometimes the attacks of unconsciousness characteristic of the 
Adams-Stokes syndrome 

The treatment of these cases of bundle branch block has been most 
unsatisfactory In a number, the administration of atropm, epmephrm 
and thyroxin has been carefully studied but the changes produced have 
been of little moment and have always been transitory In only five 
of the twenty-five cases was there definite evidence of a syphilitic 
infection, to these, antisyphilitic treatment was administered with little 
if any noticeable effect on the heart Rest, measuies directed to the 
correction of the abnormal renal function and in some cases digitalis 
have seemed to be our only dependable allies 

Of the twenty-five patients, sixteen weie men and nine women 
Twenty were over 50 y ears of age when the graphic record of a bundle 
branch lesion was secured Thiee patients were between 30 and 40 
years of age, two between 40 and 50, fourteen between 50 and 60 and 
six between 60 and 70 

Four of these patients have disappeared from sight and the outcome 
is unknown Of the remaining twenty-one, only three are living, one 
of these has been under observation for four years, the otheis for 
fourteen and ten months respectively Eighteen ai e dead , most of them 
died within six months after the electrocardiographic record showing 
the bundle branch lesion was obtained , two of them lived for over one 
year, one for three and a half yeais 

Chart 1 shows the electrocardiographic records of three leads secured 
from a woman, aged 60 years, who lived for three and one half years 
after the diagnosis of this defect was made The curves present all 
the characteristics of a lesion of the right branch of the bundle, the 
Q-R-S complex is of considerable amplitude, is notched and requires 
0 14 second for its completion, the T wave is large and opposite in 
direction to the mam deflection of Q-R-S The principal ventricular 
deflection is directed upward in Lead I and downward in Lead III 
This presents the type of cuive most frequently encountered 



HART— BUNDLE BRANCH BLOCK 


117 


In Charts 2 and 3 curves are presented, interpreted as indicating 
lesions of the left branch of the bundle A lesion of the left branch of 
the bundle is an exceedingly rare finding , in our series of twenty-five 
cases these are the only ones we have seen A review of the literature 
indicates that others have observed them veiy rarely The leason for 
the greater frequency of damage to the right bundle is not altogether 
clear It has been explained by the anatomic differences m the two 
branches The left branch subdivides soon after its origin from the 



Fig 1 — Right bundle branch block Levocardiograra, written primarily by 
the left ventricle 

mam stem, spreading out over the interventricular septum, while the 
right branch is continued as a single strand for a considerable distance 
It would therefore be more easily destroyed by a single small lesion 
The records shown in Chart 2 are from a patient seen m consultation 
m February, 1923 He was a man, aged 47, who had been perfectly 
well until November, 1922 At that time he had an attack of 
unconsciousness and the heart was found to be irregular with a rate 
of 60 In December he had a second attack m which he was unconscious 
but the heart late was not observed The third attack occurred in 
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Fig 2 — Dextrocardiogram, written primarily bj right ventricle Associated 
block of the bundle of His 



Fig 3 — Dextrocardiogram, written primarily b} right ventricle Associated 
block of the bundle of His 
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January, 1923, when he fell m the bathroom and was unconscious for 
some minutes, the heart rate was 28 and since that time has nevei 
exceeded 39 per minute It has never been possible to discoi er a 
satis factoiy explanation of the cause of the heait lesion The heart 
was not enlarged and no murmurs could be detected The effect of 
atiopm, epinephnn and thyroxin were studied without any appreciable 
influence on the block He is still living but has attacks of unconscious- 
ness at irregular intervals 

The other patient giving a curve (Chart 3) of a lesion of the left 
branch of the bundle was a single man, aged 48, a traveling salesman, 
seen m consultation m May, 1923 He is still living As a child he had 
diphtheria, and gonorrhea as a young man There were no other 
illnesses He denied any syphilitic infection, and the blood Wassermann 
had been negative on several occasions For a year he had felt weak 
and had many attacks of dizziness but had never actually lost conscious- 
ness At times his heart “thumped” and he was a little short of breath 
His heart was considerably enlarged, rate 28, sounds of good quality, 
no murmurs Blood pressure, systolic 125, diastolic 50 Slight edema 
of the ankles Before I saw him he had been given several courses 
of mercuiy, potassium lodid and arsphenamin without any appreciable 
effect Later atiopm, thyroxin and epinephnn were each tried but 
failed to influence the condition of block 

It is interesting to note that in both of these cases classified as lesions 
of the left bundle, there is associated a complete or partial block of the 
A-V bundle This suggests the thought that the lesion producing the 
defect has invaded a portion of the mam stem and the entire left bundle 
before it has reached the point where it subdivides 

The digitalization of these cases of bundle branch block affords 
several points of interest 

1 The patients usually develop extrasystoles at a comparatively eaily 
stage of digitalization 

2 The extrasystole is usually (not invariably) initiated m the 
ventricle opposite to the one m which the bundle is intact 

3 The Q-R-S complex is prolonged 

4 The T' deflection is prolonged and increased m amplitude 

All of these features are illustrated m Chart 4 These records were 
secured from a man, aged 57, suffering from marked symptoms of 
cardiac insufficiency and attacks of piecordial pain He had a histor} of 
rheumatism when he was 27 and syphilis at 32 The blood Wassermann 
was positive He presented a greatly enlarged heart with mitral and 
aortic valve lesions and a dilated aorta Four months later he died 
very suddenly from a thrombosis of the right coronary artery The 
curves indicate the changes m the three leads produced by digitalization 



120 ARCHIVES OF INTERNAL MEDICINE 

Chart 5 is from a woman, aged 67, who is still living and has been 
under observation for four years She has a general artei losclerosis, 
an enlarged heart with lesions of the mitral and aortic valves and a 
dilated aortic arch The etiology is obscure There is no history of 
syphilis and the blood Wassermann reaction has been found negative 
repeatedly She has had an auricular fibrillation and attacks of cardiac 
insufficiency during the whole period of observation The records are 
presented for the purpose of comparing the curves obtained before and 
after the administration of digitalis The electrocardiogiams of each 
of these cases show a lesion of the right bianch of the bundle As has 
been pointed out by Lewis and by Wilson, the initial portions of the 
usual ventricular complex m these cases is written by the left ventricle 
(the “levocardiogram” ) After digitalis was administered, extrasystoles 
appealed which arose m the right ventricle and the “dextrocardiogram” 
was written It seems quite possible that these extrasystohc contractions 
may arise m the light branch of the bundle distal to the pathologic lesion 

The prolongation of both the Q-R-S group and the T' complex 
indicates that digitalis has a very definite influence in inhibiting the rate 
of conduction in the ventricular tissues and is a corroboration of the 
observations on changes in the T-wave made by Cohn, Fraser and 
Jamieson in 1915 2 These alterations also emphasize the generally 
recognized fact that digitalis has a much greater influence in hearts pre- 
senting pathologic changes than in those with normal tissues 

Lewis 3 m his studies of the spread of the excitatoiy process in the 
heart both experimentally in animals and in human records has charted 
the curves which are produced when the stimulus is received by one 
ventricle and then passes through the septum to activate the other 
ventricle When the left ventricle primarily receives the stimulus the 
“levocardiogram” is written, when the right ventricle is the first to be 
stimulated the “dextrocardiogram” is recorded The curve written by 
the ventricles of the normal subject (the “bicardiogram”) is the 
algebraic sum of the “levocardiogram” and the “dextrocardiogram ” 
Wilson 4 has studied the same subject by a clever and most original 
method , he cut the right branch of the bundle and recorded the “levo- 
cardiogram,” he then stimulated the right ventricle and obtained the 
curve of the extrasystohc “dextrocardiogram ” By introducing the 

2 Cohn, Fraser and Jamieson The Influence of Digitalis on the T-Wave 
of the Human Electrocardiogram, J Exper Med 21 593, 1915 

3 Lewis The Spread of the Excitatory Process m the Vertebrate Heart, 
Phil Tr Roy Soc London 207 221, 1916 

4 Wilson, F N , and Herrmann, G R Study of Incomplete Bundle 
Branch Block and of the Refractory Period of the Heart of the Dog, Heart 
8 229 (May) 1921 
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Fig 4 — Before digitalis (left) After digitalis (right) Right bundle branch 
block Levocardiogram After digitalis two extrasystolic dextrocardiograms, 
Q-R-S prolonged, T' prolonged and amplitude increased 



Fig 5 — Before digitalis (left) After digitalis (right) Auricular fibrilla- 
tion Right bundle branch block Levocardiogram After digitalis man) 
extrasystolic dextrocardiograms Q-R-S prolonged, T' prolonged, amplitude 
increased 
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stimulus at the proper time so that the normal stimulus and the artificial 
stimulus were coincident, both ventucles were simultaneously activated 
and the curve written was the normal “bicardiogram ” 

In the clinic we occasionally encountered curves which have so many 
points of similarity to the curves which Wilson obtained experimentally 
that we are impelled to interpret them as produced by a corresponding 
mechanism 

In Charts 4 and 5 the stimuli coming down through the bundle 
activate the left ventricle and the "levocardiogram” is written, under 
the influence of digitalis the right ventricle becomes irritable and 



Fig 6 — Lead III only Right bundle branch block Complexes A, levo- 
cardiograms Complexes B, dextrocardiograms Complexes X, bicardiograms 



i 
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Fig 7 — Lead III only X, normal ventricular bicardiograms A, extra- 
systolic levocardiograms B, extrasystolic dextrocardiogram 

occasionally an extrasystolic “dextrocardiogram” appears If, as Wilson 
has done experimentally, we could superimpose one of these curves 
on the other m the proper time relation the “bicardiogram” normal for 
this person would be recorded 

In Chart 6 is presented a curve which we believe may be explained 
by the mechanism that has been suggested The record was obtained 
from a man, aged 55, a machinist, who was suffering from a general 
arteriosclerosis with cardiac hypertrophy, with a history of numerous 
attacks of cardiac insufficiency covering a period of five years There 
was no definite history of infections of any kind, no rheumatism, the 
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blood Wassermann test was negative He had edema of the legs and 
hydrothorax He died suddenly a few days after the recoid heie 
presented was taken 

Only Lead III is reproduced W e interpret this curve as indicating 
a lesion of the right branch of the bundle The complexes maiked 
“A” are characteristic levocardiograms written by the left ventricle in 
response to normal supraventricular stimuli The complexes marked 
“B” aie extrasystoles originating in the right ventricle (dextrocaidio- 
grams) We suggest that the complexes marked “X” are bicardiograms 
due to the simultaneous activation of the right and left ventricles 

A similar explanation is offered in the interpretation of Chait 7 
This is the record from a man, aged 30, who supposed he was m perfect 
health with no subjective symptoms of any description The irregularity 
of the heart was discovered m the course of a routine examination for 
life insurance and he was referred to me for further study and for 
an opinion as to his insurability Only Lead III is reproduced This 
curve is not one of bundle branch block, but is included m this series 
because it illustrates so well the extrasystolic levocardiogram, the extra- 
systolic dextrocardiogram and his normal bicardiogram In this case 
the ventncular irritability was caused by the very excessive use of 
tobacco 

SUMMARY 

Lesions of the right branch of the bundle of His are not uncommon 
Lesions of the left blanch are rare, the electrocardiographic curves of 
two cases associated with complete A-V block are presented and 
discussed 

These lesions have been seen only in cases of advanced heart disease 
and a high mortality is to be expected 

The administration of digitalis produces conspicuous changes m the 
graphic records 

Seveial curves are presented illustrating the clinical analogues of the 
dextrocardiogiam, levocardiogram and bicardiogram which others have 
produced experimentally 

160 West Fifty-Ninth Street 



OBSERVATIONS ON A CENTRIPETAL VENOUS 
PULSE IN MAN- 1 

H L WHITE, M D 

ST LOUIS 

If one seals a glass capsule over a supeificial vein on the back of 
the hand and applies to this capsule an air pressure a few millimeters 
of water lower than the minimum pressure required to produce com- 
plete collapse of the vein, a distinct pulsation of the vein with each heart 
beat will be seen m a certain number of subjects That this pulse is not 
transmitted directly back fiom the heart, as is the jugular pulse, is 
shown by the fact that the pulse persists after compression of the vein 
just central to the capsule The pulsations aie abolished by compression 
of the vein just peripheral to the capsule It would appear that we are 
dealing with a pulse passing from the arteries through the capillaries 
and venules into the larger veins With this idea in mind, certain pro- 
cedures calculated to modify the extent to which a pulse could be 
propagated from the arterial to the venous side of the circulatory bed 
were earned out These procedures were exercise and the application 
of heat and of cold 

The subject sits in the apparatus designed for stationary exercise 
described m a recent paper 1 The pressure m the capsule is applied by 
the admission of compressed air 2 Exercise consists in the lifting of 
5 kg weights by extension of the legs, the exercise period being five 
minutes Heat was applied by partially immersing the hand in water at 
45 C , cold by partial immersion in water at 5 C Some subjects under 
no circumstances showed a venous pulsation Others showed no pulse 
under control circumstances but it appeared on application of heat A 
third group showed a pulse under control circumstances , this persisted 
and seemed to be somewhat accentuated on application of heat In all 
cases the pulse was abolished on application of cold A five minute 
exercise period seemed to have no influence m determining the presence 
or absence of the pulse In one subject, who showed no pulse at rest, 
a fifteen minute period of exercise to the point of sweating brought out 
the pulse In all cases where the venous pulsation is seen, the pulse 
at the radial artery is felt a fraction of a second before the venous pulse 

* From the Physiological Department of Washington University 

1 White, H L Circulatory Responses to Exercise in Man and Their 
Bearing on the Question of Diastolic Heart Tone, Am J Physiol 69 410 
(July) 1924 

2 White, H L Observations on Venous Pressure and Skin Blanching 
Pressure by a Modified Method, Am J Physiol 69 10 (June) 1924 
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is seen No attempt has been made to measure this interval quanti- 
tatively A table illustrating some of the positive results is given, the 
presence 01 absence of the venous pulse being indicated 


Positive Results, Showing Piesence 01 Absence of Venous Pulse 


Control 

Heat 

absent 

absent 

absent 

present 

present 

absent 

Control 

Heat 

present 

present 

absent 

present 

present 

absent 

Control 

Heat 

absent 

absent 

absent 

present 

present 

absent 


Subject 

Z 

Age 55 

Cold 


Exercise 

absent 

absent 

absent 


absent 

absent 

absent 

Subject 

H 

Age 21 

Cold 


Exercise 

absent 

absent 

absent 


absent 

absent 

absent 

Subject 

D 

Age 28 

Cold 


Heavy 

Exercise 

absent 

absent 

absent 


present 

present 

absent 


no compression 
central compression 
peripheral compression 


no compression 
central compression 
peripheral compression 


no compression 
central compression 
peripheral compression 


Our mtei pretation of these results is that m certain subjects heat 
and heavy exercise dilate the arterioles and capillaries to the extent that 
the pulse from the artenes is permitted to pass to the venous side On 
heavy exeicise, the increased pulse pressure also must play a part With 
some subjects this condition obtains at rest, while with otheis it cannot 
be brought about even by the application of heat or by exercise The 
constriction of the arterioles and capillaries by cold damps out the pulse 
By the time the pulse reaches the venous side it possesses only a small 
amount of energy It is thus not surpnsmg that a manometer con- 
nected with a cannula in a vein should fail to register a pulse The 
pulsations become evident only when the conditions are such that the 
maximum oscillations of the vessel wall are produced, 1 e , when the 
externally applied pressure equals the diastolic venous pressure 
Attempts to measure the pulse pressure m the vein on the basis of this 
principle have not proved practicable since the difference between 
systolic venous pressure (the minimum pressure required to produce 
complete collapse of the vein) and diastolic venous pressuie (the 
pressure at which the maximum pulsations aie seen) is at the most only 
a few millimeters of water 

Lewis 3 has recently reported localized “capillary pulsation” on the 
local application of heat He finds on microscopic examination that 


3 Lewis, T Observations upon Capillary Pulsation, J Phvsiol 58 21, 1924 
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the venules as well as the capillaries participate m this pulsation He 
has traced the pulsation as fai as “the larger venules of the sub- 
papillary plexus” but makes no mention of having observed a pulse m 
large superficial veins He finds that the pulse m the venules is 
centripetal, which agrees with our present findings on laige veins 
Krogh and Rehberg, 4 working with microscopic preparations of the 
bladder of the frog, find that the pulse wave penetrates capillanes but 
is annihilated by interference in the venules It is apparent that this is 
not necessarily the case in man Lewis also finds that “m middle life 
and more advanced yeais the reaction to heat, described in the fore- 
going, is usually reduced or absent , suggesting that the ai tenoles have 
lost, partially or completely, their power to expand ” W e have not 
found any definite relation between age and the venous pulse A number 
of young subjects, aged from 20 to 25 years, have failed to show the 
pulse on exercise or application of heat, while of two middle-aged sub- 
jects available, one, aged 42, failed to show a pulse, the other, aged 
55, showed no pulse under control circumstances, but it appeared on 
application of heat 

In view of the fact that it does not appear to be generally lecogmzed, 
judging from the statements in current physiology texts, that a cen- 
tripetal venous pulse propagated through the capillaries from the arteries 
may exist in normal subjects, it is interesting to note that King 5 m 1837 
observed, with the aid of a mirror, pulsations of the large median veins 
of his own forehead while lying on his back about a half hour after 
dinner He attnbutes this to the passage of the arterial pulse through 
the capillaries into the vein, but appaiently did not exclude the possi- 
bility of a centrifugal pulse fiom the right heart The same can be 
said of some of his observations on pulsations of veins on the back 
of the hand The presence of valves need not necessanly block a 
retiograde pulse Moie convincing, however, is Kings leference to 
“an old experiment, to immerse the hand m warm water previous to 
and dunng venesection, when the jet of blood is distinctly seen to 
increase with each arterial pulse ” He adds that this experiment will 
not always succeed I believe that King is justified m his remark that 
this behavioi of the escape of venous blood “is a sufficient proof that 
the impulse of the left ventncle is not always completely expended on 
the arterial or even on the capillary system ” 

Benson 6 lefers to the escape of venous blood pei saltum in one of 
his patients This patient also showed distinct pulsation of the veins 

4 Krogh, A , and Rehberg, P B Kinematographic Methods in the Study 
of Capillary Circulation, Am J Physiol 68 153 (April) 1924 

5 King, W T An Essay on the Safety-Valve Function m the Right 
Ventricle of the Human Heart, Guy’s Hosp Rep 2 104 (series 1) 1837 

6 Benson, C Case of Pulsation m the Veins of the Upper Extremities, 
Dublin J M Sc 8 324 (series 1) 1836 
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of the uppei extremities Benson concludes that this pulsation depends 
on regurgitation from the right heart rathei than a pulse fiom the left 
heart passing through the capillaries Stokes 7 lefers to this case, and 
agrees with Benson as to the mode of production of the pulse It is 
difficult for me to see how such a view can be held A neciopsy showed 
that the venous valves were completely competent, and while I will 
readily admit that a retrograde pulse wave may well pass competent 
valves I cannot see how blood could be regurgitated A moi e reasonable 
explanation is a centupetal pulse coming via the arteries and capillanes 
Quincke 8 lepoits a centupetal pulse in the veins of the back of the 
hand m his own case and in two othei cases without aortic insufficiency , 
one of these patients, however, presumably had paralysis of the vaso- 
motor neives to the region where the pulse was seen He also leports 
four cases of aoi tic insufficiency, with presumably a high pulse pressui e, 
m which the venous pulse was evident He does not appeal to lecog- 
mze that the pulse may be of frequent occurience m noimal persons 
“Under proper conditions, which may, in part, occui only pathologically, 
but which lie, in part, also within the limits of the normal, the pulse 
wave passes to the capillanes and even on into the veins ” (Unter 
passenden Bedingungen, wie sie zum Theil nur pathologisch vorkom- 
men, zum Theil abei auch durchaus in den Grenzen dei Noim liegen, 
pflanzt sich die Welle bis m die Capillaren und selbst bis m die Venen 
fort ) In a later paper 9 Quincke fuither states that ceitam conditions 
aie necessary for the production of the centupetal venous pulse, 
a considerable relaxation of the artenoles, a poweiful heait beat, pie- 
feiably with a high pulse pressure and, for its visualization, a thin skin 
and a certain medium degree of venous filling The pulse is thus seen 
most frequently m fevers and is seen m noimal subjects only when a 
high tempeiatuie has produced a mailced vasodilatation As was first 
suggested by Quincke, and latei by Juigensen , 10 the direct anastomoses 
between aitenoles and venules repoited by various anatomists may 
play a part in the production of the centripetal venous pulse 

It is apparent that Quincke’s failuie to lecogmze that this pulse is 
of rather frequent occui rence m normal subjects, even at ordinary 
temperatures, is due to the fact that he merely observed the "veins 
without subjecting them to any external pressui e Under these condi- 

7 Stokes, W Diseases of the Heart and Aorta, 1855, p 219 

8 Quincke, II Beobachtungen uber Capillar-und Venenpuls, Berl khn 
Wchnschr 5 357, 1868 

9 Quincke, H Ueber Capillarpuls und centnpetalen Venenpuls, Berl 
klin Wchnschr 27 265, 1890 

10 Jurgensen, E Microkapillarbeobachtungen, Deutsches Arch f klin 
Med 132 204 (May) 1920 
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tions only relatively powerful pulsations could be recognized Our 
success in demonstiating the pulse m a rather high percentage of nor- 
mal subjects has been due to our subjecting the vein to a pressuie at 
which the maximum oscillations of the vessel wall are brought out 

SUMMARY 

Evidence is piesented that a pulse may pass from the arterial to the 
venous side of the cu dilatory bed in noimal subjects, and can be 
demonstiated m the laige superficial veins 
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The idea is pievalent among physicians that hydremia 01 hydiennc 
plethora is the rule m cases of edema This impression is based on 
(1) the pallor or so-called pasty appearance of the skin, (2) the 
decrease in urinary output, (3) the accumulation of water in the sub- 
cutaneous tissues or in the serous cavities, and (4) the decrease, in 
certain cases, in the peicentage of solids, hemoglobin, albumin, eiythro- 
cytes, and so forth, m the blood and plasma Although these findings 
are suggestive of an edematous or watery state of the blood, that is, of 
dilution of the blood by water which has failed of excretion, there has 
long been a wish that this general impression might be supported by 
more tangible and conclusive evidence 

Edema, although a familiar clinical phenomenon and the subject of 
innumerable investigations, is at present far from being understood 
Since its experimental production is difficult, indeed practically impos- 
sible, our knowledge of the condition of the blood in cases of edema 
has been, and for the present must continue to be, derived from clinical 
sources We know, however, that physicochemical processes, involved 
in the interchange of water between the blood and tissues, play a 
striking part In the study of this interchange of fluid, the great 
importance of data pertaining to the volume and composition of the 
blood is obvious In fact, such data are essential in determining whether 
changes occurring m liquid and solid constituents of the blood are 
actual or relative Lack of suitable methods of determining blood and 
plasma volumes during life have been responsible for the dearth of data 
relative to absolute values With the advent of the dye method of 
determining circulating blood and plasma volumes, this difficult} has 
been diminished to a great extent, and it seems highly desirable at this 
time to investigate again the subject of the concentration and volume 
of the blood in relation to edema 

Various Conceptions of Hydi cnna — In reviewing the literature on 
the composition of the blood in cases of edema, the terms “Indremia,” 
“hydremic plethora” and “hydremic state” constantly occur Bright 
observed the watery condition of the blood m the edema of nephritis 
and attributed this to loss of albuminous substances into the urine with 
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thinning of the blood Stewart introduced the term hydremic plethora 
to indicate a dilution of the blood by the addition of water Cohnheim, 1 
m his classical studies on hydremia and anhydremia m relation to edema, 
says “The blood is hydremic when the contained water is absolutely 
or relatively increased ” In case of absolute increase, the total amount 
of solid constituents in the blood (chiefly albumin) remains unaltered, 
but the amount of water is increased In case of a relative increase, 
the albumin is diminished, while the weight and volume of the watei 
are normal Cohnheim also recognized a third theoretic possibility, that 
of diminished albumin content associated with an increased total content 
When this combination of changes occurs, it must indeed cause an 
especially severe degree of hydremia Dieballa 2 narrowed the con- 
ception of hydremia to a condition in which the plasma solids are rela- 
tively or absolutely decreased A relative decrease is caused by an 
increase of the total blood with dilution of the solids, that is, by hydremic 
plethora, while an absolute decrease is due to an actual loss of plasma 
proteins 

Boycott 3 found that in the edema of experimental uiamum nephritis 
in animals, the blood, as well as the tissues, was affected, and that the 
condition was associated with serous effusions Hemoglobin values 
were employed as criteria of the so-called hydremia Volhard 4 asserts 
that blood dilution or hydremia, with a relative decrease of erythrocytes 
of from 1,000,000 to 2,000,000, is often associated with glomerular 
nephritis, but that this condition does not piedominate in cases in which 
the edema is marked He cites Ebert, who, using Bang’s micromethod 
for estimating blood water, finds that blood water and edema are 
inversely related m certain cases The blood water may be lowest m 
the periods of greatest edema, it may increase with absorption, and may 
even further increase with the restoration of the glomerular function 
A lowering of the erythrocytes for each unit volume and an increase 
in blood volume have been observed in this later period Volhard calls 
attention to the loose usage of the term hydremia He would limit it 
to indicate a condition of the blood m which there is an actual dilution, 
with a resulting percentage reduction of the cellular elements He ques- 
tions its usage in relation to conditions m which the blood merely exhibits 
diminished solids 


1 Cohnheim, J Lectures on General Pathology, a Handbook for Practi- 
tioners and Students, London, New Sydenham Societ}', 1889, p 447 

2 Dieballa, G , and Ketly, V Ueber die Wechselbeziehung von Albumi- 
nune, Hydramie, und Hydrops bei Brightikern, Deutsch Arch f klin Med 
61 76-90, 1898 

3 Boycott, A E The Regulation of the Blood Volume in Normal and 
Nephritic Animals, J Path & Bacteriol 18 498-512, 1913-1914 

4 Volhard and Fahr Die doppelseitigen hematogenen Nierenerkrankungen, 
Berlin, Julius Springer, 1918 
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Keith, Rowntree and Geraghty, 5 m then original report on the 
use of the vital red method of determining blood )olume, noted no 
significant changes m plasma volume during the period of diuresis m 
a case of lenal edema Bock, G using the dye method for estimating 
plasma volume in case of edema, found no disturbance of the relationship 
between plasma volume and body weight Lindner, Lundsgaard and 
Van Slylce 7 studied the plasma proteins in cases of nephritic edema, and 
found that actual depletion, and not dilution, was the basis for the low 
protein values The amount of the total plasma protein for each kilo- 
gram of body weight was definitely diminished (from 1 5 to 3 0 gm ), 
the normal values being from 3 0 to 5 0 gm The body weight was cor- 
rected for the probable additional weight of edema fluid 

There is considerable diffeience of opinion with regard to the state 
of the blood in cases of cardiac edema Many investigators maintain 
that a normal water content of serum is present , Strauss 8 and Veil 0 
believe that increased water content of serum exists in certain cases 
Chiray 10 has obseived increased concentration of the blood m certain 
stages of cardiac edema Bolton, 11 in an experimental study of cardiac 
edema produced by partial obstruction of the inferior vena cava, using 
the Welcker method for determining blood volume, found hydremic 
plethora, which subsequently became converted into a true plethora by 
the entrance of erythrocytes into the blood There are no available data 
on the volume and composition of the blood in cases of diabetic edema 

To correlate the diverse conceptions, held at the present time, of 
the composition of the blood in cases of edema is almost impossible, 
because of (1) lack of data relative to absolute values in relation to 
the solids and water of the blood and plasma, (2) lack of comparative 
data m the different types of edema, and (3) confusion and inadequacy 
of terms used m relation to blood states In the work herein reported, 

5 Keith, N M , Rowntree, L G , and Geraghty, J T A Method for 
the Determination of Plasma and Blood Volume, Arch Int Med 16 547-576 
(Oct) 1915 

6 Bock, A V The Constancy of the Volume of the Blood Plasma, Arch 
Int Med 27 83-101 (Jan ) 1921 

7 Lindner, J C , Lundsgaard, C , Van Slyke, D D , and Stillman, E 
The Cause of Low Plasma Protein Concentration m Nephritis, Proc Soc E\pcr 
Biol & Med 20 319, 1923 

8 Strauss, H Untersuchungen uber den Wassergehalt des Blutserums bei 
Herz- und Nierenkranken, Ztschr f khn Med 60 501-505, 1906 

9 Veil, W H Ueber die klmische Bedeutung der Blutkonzentrations- 
bestimmung, Deutsch Arch f khn Med 112 504-538, 1913, ibid, Ueber die 
klmische Bedeutung der Blutkonzentrationsbestimmung, Deutsch Arch f khn 
Med 113 226-260, 1914 

10 Chiray, M Dilution et concentration du sang, Presse med 16 19-22, 
1908 

11 Bolton, C Further Observations on the Pathology of Cardiac Drops), 
J Path & Bacteriol 20 290-326 (Jan ) 1916 
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we have attempted to obviate some of these difficulties by collecting 
data in different types of edema, by the correlation of absolute and 
relative volumes, and by use of new terms to indicate the volume states 
Nezv Terminology foi Volume States of the Blood — In view of 
the conflicting intei pretations of hydremia, hydremic states, hydiennc 
plethora and polyemia, and of the resultant confusion, it seems wiser 
to avoid the use of these terms in discussing blood volume If the term 
liydiemia is to be letamed, we believe it should be limited to indicate 
increased watei content of plasma With these points in mind, terms 
as follows are suggested (1) normovolemia for normal blood volume, 
(2) hypervolemia for increased blood volume, and (3) hypovolemia foi 

Table 1 — Classification and Suggested Terminology of Volume 
States of the Blood 


Normovolemia for Normal Blood Volume 

A Simple normovolemia for normal ratio of cell to plasma volume 
B Polycythemic normovolemia for increased ratio of cell to plasma volume 
Sjnonym — Concentrated blood 

C Oligocythemic normovolemia for decreased ratio of cell to plasma volume 
Synonym — Anemia 

Hypervolemia for Increased Blood Volume 

A Simple hypervolemia for normal ratio of cell to plasma volume 
Synonjm— Simple plethora, observed in certain types of edema 
B Polycythemic hypervolemia for increased latio of cell to plasma volume 
Synonym— Polycythemia vera 

0 Oligocythemic hy pervolemia for decreased latio of cell to plasm i volume 
Synonym — Hydremic plethora, seen in some anemi is 

Hypov olemia for Pecreased Blood Volume 

A Simple hypovolemia for normal ratio of cell to plasma volume 

Synonym — Simple oligemia, observed immediately following blood loss and in 
certain cases of edema and obesity 

B Polycythemic hypovolemia for increased ratio of cell to plasma volume 

Synonym— Anhydremic oligemia Anhydremia, observed m shock and dehydration 
states 

O Oligocythemic hypovolemia for decreased ratio of cell to plasma volume 
Synonym— Oligocythemia, occasionally observed in anemia 


decreased blood volumes These terms are self-explanatory and apply 
only to volume states Obviously, the cell plasma volume latio also is 
important, enteung into consideration m all physiologic or pathologic 
changes in volume and composition of the blood In expiessmg this 
ratio, modifying terms may be employed, such as (1) simple for normal 
cell plasma volume ratio, (2) polycythemic for increased cell plasma 
volume ratio, and (3) oligocythemic for decreased cell plasma volume 
ratio (Table 1) 

Types of Cases Studied 12 — The present study embraces (1) three 
cases of cardiac edema, 13 (2) three of diabetic edema, (3) four of 
subacute glomerular nephritis with edema, and (4) four of subacute 
nephrosis 

12 These cases were uncomplicated by an acute or subacute infection such 
as rheumatism, endocarditis or nephritis 

13 The clinical diagnoses were made independently by clinicians to whom 
the cases were assigned 
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Method of Collecting Blood — Blood was taken from the patient 
between the hours of 8 and 9 a m , with the patient at lest and fasting, 
and no fluids hawng been taken The blood and plasma volumes in 
l elation to body weight weie calculated foi the postedema period As 
the penod between the edema and postedema estimations was l datively 
short, in all but one case, the cuor incident to weight changes, othei 
than those caused by watei loss, was small, and would not, of couise, 
imahdate the total volume values 

7 1 eat went — The standaid Kaiell diet with digitalization was 
rout inch employed in the cases of cardiac edema The fluid intake 
was restricted for the entire period between the estimations Massive 
calcium treatment with moderately restricted fluids was given in cases 
of the diabetic t)pe of edema, besides the specific tieatmcnt foi diabetes 

'I lie usual salt free, low protein regimen was the mle in cases of 
glomerulai nephntis In Cases 7 and 10, abdominal paiacentesis was 
pei formed , in Cases 8, 9 and 10, sweating and calcium tieatment weie 
employed without results, in cases of nephrosis, the treatment consisted 
of salt free diet and fluids restricted to fiom 600 to 800 ce Massne 
doses of calcium weie tried in Case 11 wulhout noticeable lesults 

Minions i:mplo\i:d in estimating blood content, blood 

\ OLD ME AND SO FORTH 

1 Circulating blood and plasma volumes w'Cie detei mined by the 
ongmal <hc method of Keith, Rowmtrcc and Gcraghty, wtal red and 
Congo icd being used intci changeabl) In older to prevent coagulation, 
1 cc of a 1 6 pei cent solution of sodium oxalate was evapoialed fiom 
centrifuge tubes, the oxalate being deposited uni foi inly in fine, powdered 
form on the innei surface of the tubes 14 In hematocnt detei minations, 
three 10 cc standaidizcd, graduated ccntiifugc tubes weie used, the 
acciage or mean leading constituting the basis foi calculating hematocnt 
\ allies In the coloiimetnc leadings, the Duboscq colonmetei w r as used 
exclusnch 

2 The watei and solid contents of the blood w r cie detei mined 
gi.iwmeti icalh , befoie and after drying m vacuo ovei phosphoius pent- 
oxid at mom tempciatuie Diymg wtis continued until the weight 
became constant Duplicate estimations w^eie made in evei}’’ instance, 
and accrage values taken In the carliei stages of the woik, specific 
gravity detei minations w r cic made by the pyknometuc method, but 
these w’cic subsequently discontinued, as they weie not deemed essential 

I The cell w r atci calculations w'Cie made by means of the foi- 
nuila x — - x 91 m wdtich A repi esents the pei centage of watei 


14 With this tcchmc, hemolysis rarely occuis 
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in whole blood, B, the percentage of water in the plasma, C, the 
percentage of plasma by hematocrit, and D, the percentage of cells by 
hematocrit 

4 For hemoglobin determinations, the Palmei method was used 
In several instances, the values thus obtained were checked with an 
acid hematm method devised by Osgood 

Table 2 — Table of Noimal Values m Fifty Cases 


Blood water, per cent 
Plasma water, per cent 
Cell water, per cent 

Total circulating blood volume (according to the dye method), 
c c 

Blood volume for each kilogram of body weight, c c 
Blood volume for each square meter surface area, c c f 
Total circulating plasma volume (according to the dye method), 
c c 

Plasma volume for each kilogram of body weight, c e 
Plasma volume for each square meter of surface area, c c 
Total circulating cell volume, c c 
Hematocrit cells, per cent 


Range 

Average 

T9 to 83 

81 

91 to 93 

92 

60 to GS 

64 

4,930 to 7 430 

6,180 

72 to ICO'' 

86 

2,550 to 4,010 

3,360 

2,960 to 4,160 

3,610 

43 to 59 

53 

1,420 to 2,250 
1,970 to 3,310 

2,050 

2,550 

38 to 45 

41 

Hemoglobin 

_ Jk 



Author 


Men, Women, 

Determi- Gm for Each Gm for Each 
nations 100 O e 100 O c 


LIchenstem 

61 

14 14 

Williamson 

900 

16 60 

Haldane and Smith 

12 

13 80 

Haden (calculated on a red cell count of 5,000,000) 


15 65 


1310 
15 55 
13 80 
15 56 


* Total volume values as high as 105 cc for each kilogram of body weight have been 
found in three normal controls This group needs further study 

t Dreyer contends that blood volume is a function of surface area rather than body weight 


Table 3 — The Percentage Variation of Error Believed to be 
Inherent m the Diffeient Methods 



Per Cent 


Per Cent 

Blood volume 

50 

Cell water 

20 

Plasma volume 

25 

Hemoglobin 

20 

Blood water 

05 

Hematocrit 

20 

Plasma water 

05 




5 The total circulating hemoglobin was determined from Hal- 
dane’s 15 normal value of 13 8 gm of hemoglobin for blood, with 
oxygen capacity of 18 5 per cent by volume According to the follow- 
ing calculations, total percentage hemoglobin times 13 8 times total 
blood volume equals total circulating hemoglobin The probable varia- 
tions of error in methods employed may be noted in Table 3 

IS In this country, higher values have been obtained by Williamson and 
Haden (Table 2) 


BRO] VN-R O l VN TREE— THE BLOOD IN EDEMA 


135 


Table 4 — Repeated Dctci mutations of the Volume and Concent? ahon 
of the Blood m Normal Pci sons 


Homo . Blood Volume, Plasma Volume, Water, 

Rlobin 5 O c 0 c o per Cent 

I o A . . > , 
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2,490 
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917 

605 


11/ o/23 

.38 

132 

070 

43 

5,340 

92 

3,230 

3,050 

52 

1,830 

2,290 

802 

92 6 

637 

n 

11/ 7/23 

51 

111 

1 t i 

10 

4,930 

90 

3,170 

2,900 

58 
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11/11/23 
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40 

4.0S0 

97 
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65 8 
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S37 
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2,020 

803 

919 

664 


12/ 3 23 

00 

111 

SS2 
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90 

3,430 

3,400 

60 

2,CG0 
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92 5 

667 

V 

12/ 1,23 
12/ P/23 

4 w 
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43 

5,000 

$2 
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40 

1,780 
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70S 
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03 2 
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no 

1,05} 

40 

0 500 

93 

3,320 

3,930 

55 

2,110 

2,640 

81 5 

93 4 

637 
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930 

40 
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94 

3 5S0 

3,930 

50 
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1 02S 
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0 S30 
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59 
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09 

3,740 
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59 
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1 
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70 
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93 3 
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SO 
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no 
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90 

2, 5/X) 
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93 2 

65 7 
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935 

61 8 
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37 
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03 5 
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71 

122 

901 

42 

3 350 

73 

3 020 

3,100 

43 

1,750 

2 240 

81 3 

94 2 

63 5 


12/17/23 

71 

113 

7°0 

0 

3 140 

72 

2,900 

oro 

41 

1,770 

2,000 

82 0 

929 

665 

A\c 

i nlue* 

111 


41 

0180 

SS 

3,500 

3,010 

53 

2 030 

2,553 

800 

92 7 

64 2 


* Bee 4, 1923 ton-dllcctoinj 

NORMAL \ALUES WITH MCI IIODS LMFLOV HD (TABLES 2 AND 4) 

1. The cn dilating plasma \olume in normal persons, as detei mined 
by the d)c method, \ancs fiom 43 to 59 cc, the aveiage being 53 cc 
for each Kilogram of body v eight There is fan ly marked constancy 
m plasma volume in health In obese persons, as has been shown, 10 the 
plasma \olume is relate eh lower 

2 In noimal pci sons the i elation of cu dilating blood volume to 
body weight lanes from 72 to 100 cc , with an aveiage of 86 cc for 
each Kilogram of body weight 

3 1 he blood w\atcr, accoiding to Mullei, averages 7911 per cent 
in men, with a \anation of ± 1 per cent In w'omen, the average value 
is SI 01 pci cent with a \aiialion of ±. 1 pei cent In our normal cases 
the results agieed closely with these \ allies We believe that slight 
variations cannot be icgai ded as abnoimal, a 1 to 2 pei cent fluctuation 
m the blood w-atci conccntialion being obseived duiing the course of 
a day in noimal persons We aie aibitiaifly mci easing the limits of 
normal \ai nation, the normal lange being consideied to be between 79 
and 83 per cent foi men and women 17 

10 Brown, G E, and Keith, N M Blood and Plasma Volume in Obesity, 
Arch Ini Med 33 217-223 (Feb 15) 1924 

17 The maximal variation in thirty hematocrit estimations, using the three 
large tube method, was 2 per cent The average variation was 0 7 per cent 
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4 The plasma water in men and women, according to our data, 
varies from 91 to 93 per cent , the average being 92 5 per cent Calcu- 
lations on the same person at different periods show a fluctuation as 
high as from 1 to 2 per cent 

5 The cell water, as determined by centi if ugatmg and drying is, 
according to Biermaclit, between 70 and 72 per cent Bic and Muller 
estimate 65 4 per cent for men and 64 81 pei cent for women, and 
Schmidt estimates 68 8 per cent for a man, aged 25 18 The drying 
method may be open to criticism, but we find that the calculation- 
hematocrit method yields values closely approximating those quoted 
We find that the normal cell water varies from 60 to 68 per cent The 
average m fourteen calculations was 64 per cent A variation of 6 
per cent in the normal person during the day was observed 

6 The hematocrit values ranged from 38 to 45 per cent for the 
cells, and from 55 to 62 per cent for the plasma The average for 
both men and women was 60 per cent plasma and 40 pei cent cells 
A daily variation of 2 per cent is observed in normal persons 

7 The normal standard of hemoglobin is as yet unsettled , this is 
somewhat sui prising in a substance so important Table 2 presents 
some of the different hemoglobin values accepted as noimal by various 
investigators 

VOLUME STATES IN EDEMA 

In order to contrast the magnitude of the changes in blood volume 
and composition m normal persons with that in patients with edema 
and those who have had diuresis, repeated determinations of blood and 
plasma volume, and of the water content of blood, plasma and red cells, 
have been made on a group of fourteen persons The period between 
the determinations has varied from two to fourteen days 

One is wont to regard the blood changes associated with edema and 
diuresis as due merely to the addition or withdrawal of water It seems 
to us that this position is untenable, and that it is necessary to take into 
consideration changes m volume of the blood, plasma and cells, hemo- 
globin and protein In this study we are attempting to analyze the 
various changes and to piesent what appear to us plausible explanations 
of the phenomena encountered We realize that we are inviting criti- 
cism, but believe that the importance of the subject justifies our attempt 

Before entering into the actual analysis of the results of our studies, 
it is necessary to enumerate the processes which are probably involved 
in changes m the volume of plasma and cells and their composition 

18 We recognize the sex differences in the blood water concentration, due 
to lower content of hemoglobin in females, but believe these variations are 
so slight as to be negligible m this study 
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Obviously theie may be (1) addition 01 withdiawal of water, of 
plasma, and of cells, (2) addition oi withdiawal of solids of plasma 
and cells, and (3) the addition oi withdiawal of plasma, oi cells as 
such The pioccss consists, then, in the dilution oi concentration of 
cells and plasma, which affects composition and volume, or the addition 
or withdrawal of blood, which affects volume chiefly The processes 
encountered are complex, and piobably mvohe changes m water, solids, 
volume of blood, and plasma and cells m vai y ing degiees in different 
foum of edema 

It has been quite gencialh believed that a large blood volume with 
a dcci cased cell plasma % ohmic latio, oligocythemic bypen olenua, oi a 
dilution state, exists in certain cases of edema This conclusion was 
reached by observations on the erythrocyte and hemoglobin content of 
the blood, or the plasma protein content Deductions concerning blood 
\olume obtained by such a method are open to senous objection, as 
fluctuations m percentage \ allies foi blood cells and other blood solids 
do not necessanly reflect \olumc fluctuation Neither does the plasma 
protein content beai any fixed relation to plasma volume, and changes 
m plasma piofein may denote either actual quantitative or relative 
fluctuation m piotem oi water content It would seem, therefoie, that 
moie accurate quantitatne data should be assembled in individual 
instances, and that conclusions relative to -volume changes should not 
be based solely on changes in concentiation of blood or plasma 

This study, theieforc. picsents ceitain -volume data obtained In the 
d\c method and, we believe, throws new light on the blood stale m 
edema In the foui types of edema studied, increased circulating 
volume, oi by pei volcmia, is found m four cases (Cases 1, 2 6 and 14, 
Tables 5 and 6) These were instances of simple by pervolemia, as 
the normal cell plasma volume ratio was not disturbed except m one 
instance (Case 14), in which chiomc anemia was present, oligocythemic 
hypei volcmia It is difficult to determine whether the mci eased blood 
volume rcpiesented a state of dilution oi actual anemia The accumu- 
lation of vvatei in the blood sufficient to pioduce a maintained oligo- 
cythemic by pci volcmia oi a relative anemia is, on theoietic giounds, 
impiobablc Dilution, if it occurs, is probably transitoiy and of shoit 
duration, as was shown in expci unenlal caidiac edema by 7 Bolton, and 
aftci forced vvatei ingestion, by Gieene and Rovvntree The blood, 
like the othei tissues and oigans of the body, is piovided with a mech- 
anism safeguarding against excessive fluid accumulations When elimi- 
nation by the kidney is blocked, the tissues take up the excess vvatei 
fiom the blood In this respect, edema can be considered a piotective 
phenomenon The scions cavities and the intestines, under stress, also 
provide safety outlets When the blood volume is increased by the 
addition of vvatei , physiologic mechanisms, if available, tend to reestab- 
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hsh the normal cell plasma volume ratio, either by getting rid of water 
or by adding erythrocytes and hemoglobin, as shown expei imentally 
by Bolton The latter may have taken place m Cases 1 and 2 of the 
cardiac group If these measures fail, a maintained or chronic 
oligocythemic hypervolemia or anemia would exist theoretically, as in 
edema superimposed on preexisting anemia Case 14 may be an exam- 
ple of this type In the majority of cases of chronic anemia, either 
normal or decreased total blood volume values exist according to the 
dye method, with a decreased cell plasma volume ratio (oligocythemic 
normovolemia, or oligocythemic hypovolemia) , oligocythemic hyper- 
volemia has been found moie rarely In Case 1, during the period of 
edema, there was simple hypervolemia, which became more marked 
following diuresis, the cell plasma volume ratio remaining normal In 
Case 2, likewise, a simple hypervolemia was present during the edema 
period which was maintained during diuresis, although some actual loss 
of hemoglobin occuired It would appear that diuresis, per se, played 
only a minoi part in these two cases in modifying the abnormal volume 
state, once it was established (Table 6) One has to admit the possi- 
bility that hypervolemia may precede the development of edema in some 
forms of cardiac disease 

In Older to determine whethei there is dilution of the blood, repeated 
volume and hemoglobin determinations aie necessary Lacking the 
volume and composition data for the period preceding, it is impossible 
to determine from a single examination whether a dilution state exists 
in the edema period Degrees of dilution sufficient to produce a relative 
anemia would be suspected in the presence of an oligocythemic hyper- 
volemia The subsequent determinations would reveal the constancy 
or inconstancy of the volume and hemoglobin values If these are 
inconstant, the degrees of dilution or concentration accompanying diu- 
resis may be revealed by a comparison of peicentage change m the 
actual and m the percentage hemoglobin (When the percentage 
hemoglobin shows a greater percentage fluctuation than the actual 
circulating hemoglobin, a dilution or concentration process may be 
suggested ) When the percentage hemoglobin shows a greater per- 
centage reduction than the actual hemoglobin, an mciease in total blood 
volume will probably be found, oi, when the percentage hemoglobin 
shows a greater peicentage increase than the actual hemoglobin, it may 
be explained by volume decrease In the study of the water exchange 
m edema, many variations in the volume-water-solid factors are found 
Simple adjustments are rarely encountered , complex adjustments involv- 
ing all three of the variables are the rule 

In Cases 7, 8 and 10, of glomerular nephritis, decreased total blood 
\ olume with decreased cell plasma volume ratio, or oligocythemic hypo 
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\olemm, existed m both the edema and nonedema penods In Case 9, 
theie was a hoi dci line normovolemia in the edema pexiod, this is an 
mtci esting obseivation, since it agiees with oui previous studies on 
the anemia of chionic glomeiulai nephntis, which demonstiate that 
anemia is an uitcgial pait of this disease We believed that the condi- 
tions would probably be the same in the moie acute foims of this type 
of nephntis , the lcsults of the present study confiim this, and appaiently 
pro\c that a state of dilution is not mstiumental in causing the anemia 
of glomeiulai nephntis Such a deduction might be expected on 
a pnott giounds because of the maikcd avidity with which the tissues 
take up w.itei in this disease The expenmental woilc of McClure 
and A.lch ich 10 is fuithei pi oof of this “tissue tlnist” The existence 
of anemia explains the high pciccntage of blood watei found in ceitam 
tvpes of nephntis, and has probahlj given use to the conception of 
"Indiemic condition of the blood *’ The v olume changes in this gioup 
during diuiesis wcie piacticnllv negligible, except in Case 9, in which 
theie was a decrease m plasma volume and <m mciease of actual 
hemoglobin, apparenth indicating a p.utial ieco\eiy fiom the anemia 

In Case 3 (cauhac edema m an obese woman), tbe lelative blood 
and plasma \ohimes weie low. which can be explained on the basis of 
obcsit\ In this case there was an actual i eduction in cell volume and 
cu dilating hemoglobin dm mg diuresis Tbe latio of actual and pci- 
ccntage hemoglobin change was the same, showing that dilution pined 
no pait in the dec lease of peicentagc hemoglobin Noimal volume 
states oi noimovolcnua, picdominatcd m the cases of diabetes and 
nephrosis, both m the edema and nonedema pcnods In uncomplicated 
cases of nephtosis. theie appaiently was no anemia, which finding ma\ 
be of nnpoitancc m the chflcicntial diagnosis of ncphiosis and glomeiu- 
lai nephntis T( has been obsened, howcv ci . that in many of the cases 
of so-called nephrosis, theie eventual!} is inci cased blood piessuic and 
othci evidence of involvement of glomeiulai function 

VOI 1 ML ( II VMa S 1 OU OWING DIURrSIS 

In Cases 1, 6 and 9. volume changes weie noted following 
loss of fluid (Table 7) In Case 1 (cauhac edema), theie was an 
mciease of 950 c c in total blood volume, 350 c c m plasma and 600 c c 
in cell volume This was not a dilution pioccss, since the cell plasma 
volume latio tended to mciease In Case 6 (diabetic edema), simple 
lnpeivolemia was present m the edema period sinulai to that observed 
in Cases 1 and 2 in the cauhac gioup Following diuiesis, the blood 
volume decreased 1.050 c c , a dcctcasc of 600 c c in plasma, and 450 c c 

19 McClure, W B, and Aldiich, C A Time Required for Disappcaiancc 
of Tntradei mall v Injected Salt Solution J A M A 81 293-294 (Ttily 28) 1923 
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m cell volume The percentage hemoglobin decreased 13 per cent 
and the actual hemoglobin 26 per cent This was a contraction process 
associated with both a water and actual hemoglobin decrease, with an 
excess loss of the latter The percentage hemoglobin decrease was 
partially masked by a volume contraction, producing simple normo- 
volemia The normal cell plasma volume ratios were preserved Only 
minor volume changes were noted during diuresis m all the cases of 
glomerular nephritis except Case 9, in which there was oligocythemic 
normovolemia in the edema period , during diuresis, the plasma volume 
decreased 970 c c , whereas the cell volume increased 220 c c , producing 
an oligocythemic hypovolemia, with a net decrease of 750 c c in the 
total blood volume This may indicate a contraction mechanism, asso- 
ciated with an actual increase of circulating hemoglobin This is an 

Table 7 — Absolute and Percentage Volume Changes During Diuresis + 
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* As calculated by the dye method 


interesting phenomenon, possibly revealing a recovery from anemia 
accomplished in two ways, by a contraction of the blood volume, and 
by an actual increase of the circulating hemoglobin The blood volume 
shrinkage may be the result of an excessive plasma water removal, 
incident to diuresis, or it may be a natural compensatory process, having 
as its object a greater increase of percentage hemoglobin In Case 5 
(diabetic edema), there were simple normovolemia and abnormally 
high percentage hemoglobin, revealing increased blood concentration 
Following a loss of 13 kg of body weight, the plasma volume increased 
900 c c , the cell volume decreased 480 c c , and there was a marked 
decrease m the cell plasma volume ratio by hematocrit, thus producing 
oligocythemic normovolemia There was an actual loss of circulating 
hemoglobin of 300 gm (27 per cent ), and a 32 per cent decrease in 
percentage hemoglobin, revealing the production of a true anemia, with 
mild dilution of the blood The cases of nephrosis (Cases 11, 12 and 
13) revealed only minor volume fluctuations during the period of fluid 
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loss In Case 14 (nephiosis with model ate anemia), there was a loss 
of 610 cc in total blood volume, 420 cc in plasma, and 190 cc m 
cell volume, indicating a piogressive anemia associated with water loss 
The volume contraction concealed the loss m actual hemoglobin, the 
percentage hemoglobin showing no change 

STUDIES ON BLOOD AND PLASMA COMPOSITION IN RELATION 
TO BLOOD CONCENTRATION (TABLES 3 AND 5) 

The blood and cell watei percentage in the edema period were 
\anable, and bore a close relation to the hemoglobin content, rather 
than to the volume The highest peicentage of blood water, as would 
be expected because of the anemia, was found in the cases of glomerular 
nephritis In a case of diabetic edema (Case 5) a modeiate concen- 
tration of the blood and cells existed duiing the penod of edema, 
following diuresis, a marked increase 01 restoiation m the percentage 
water of the blood and cells took place, while the percentage plasma 
water deci eased 1 pci cent In Case 13, following diuresis, a definite 
deli) dration occui red in the cells and plasma 

In nine of the cauhac and renal cases (Cases 1, 2, 3, 8, 10, 11, 12, 
13 and 14), the plasma -water was i datively increased either in the 
edema or poslcdcma penod, showing the existence of hydremia This 
was ns inficquent, howcvei, in the dn as in the edema period In Cases 
1 and 14, the plasma volumes w r erc increased, but, as the plasma piotems 
were not determined, it is not knowm wdiethei theie -was an actual 
piotein loss or a dilution In the other cases the relative plasma volumes 
weic normal Since In drama was moie common in hypovolemic than 
m Inpenolemic Mates, it is cudent that the peicentage plasma water 
Kne 1 - no infoimation as to the cn dilating blood or plasma volume In 
Ca«c 13, a definite decicase m plasma wxatei took place dining diuiesis, 
hut no change m iclatnc or absolute plasma volumes 

Av a icMilt of diuiesis, the plasma w\ater content vaned slightly in 
all but one case (Case 12) The greatest fluctuations were observed 
in Cacc 1 (cauhac edema) and in Case 13 (nephrosis) In Case 1 
theie was a marked dcucasc in peicentage plasma watei with an 
liicicase in absolute blood and plasma volume In Case 13, in which 
there was a plasma water decicase, no change occui led in plasma 
•volume In Cases 5, 6 and 9, in wdncli the gieatest plasma volume 
changes occui red wo 111 fluid loss, only slight changes occurred m plasma 
concentration 

The percentage cell watei, according to the calculation hematocrit 
method, reveals gieal fluctuations In Case 5, following fluid loss, a 
13 per cent mu case in cell wuler, and a 32 pei cent decrease in 
hemoglobin w r eic obsened 
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The percentage, hemoglobin showed no constant value during edema 
except m cases of glomerular nephritis The hemoglobin fluctuations 
during diuresis were not constant for any of the edemas Consider- 
able fluctuations in either direction were observed In several cases, 
however, the hemoglobin levealed no change during diuresis 

The percentage hemoglobin changes were roughly proportionate 
to those of the cell volume, but not to those of the total volume In 
Case 5, during diuresis, there was a 32 per cent decrease m percentage 
hemoglobin, but the total blood volume increased only 9 per cent The 
increase m plasma volume explains this disproportion 

In Case 2, a definite decrease of hemoglobin occuired, with a slight 
increase m total blood and cell volume This finding is difficult to 
explain, however, the volume changes were not much greater than the 
possible error of the method used in their determination In the 
majority of the cases m which the percentage hemoglobin did not change 
during the period of fluid loss, volume changes were slight or nil The 
gieatest fluctuations m either direction in percentage hemoglobin took 
place in the cardiac and diabetic edemas The fluctuations in peicentage 
hemoglobin do not accurately i effect the fluctuations m total blood 
volume (Cases 2, 5 and 8, Table 5) The fluctuations m plasma volume 
may entirely mask those of the cell volume In Case 13 there was a 
loss m circulating hemoglobin of 8 per cent , with no change m per- 
centage hemoglobin, the discrepancy being explained by a 10 pel cent 
decrease in the total blood volume 

COMMENT 

The blood volume states m the small number of cases of edema m 
this series reveal a tendency to grouping of the different clinical types 
of edema It should be recognized that the accuracy of the values 
relative to volume depend on the validity of the findings by the dye 
method Simple hypervolemia predominated m the cardiac cases and 
m one case of diabetes in the edema stage Hypovolemia was practically 
constant m the cases of glomerulai nephritis, while normovolemia was 
the rule in the cases of nephrosis and diabetes There is no absolute 
evidence that sufficient dilution occurred m the period of edema to 
produce oligocythemic hypervolemia, or to cause a relative or dilution 
anemia except, possibly, m one case of nephrosis complicated with 
chrome infection of bone (Case 14) Dilution processes m minor 
degrees were found m several instances following diuresis, apparently 
representing adjustments in the volume water solid balance following 
fluid loss Oligocythemic hypervolemia is probably rare, and may rep- 
resent a dilution condition resulting when the physiologic mechanisms 
fail to maintain the normal cell plasma volume ratio m the presence 
of an excess of blood water 
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The blood was deci eased m relation to body weight m the piesence 
of obesity, and this relationship was maintained m the presence of 
edema m one case The hypovolemia m cases of edema of glomerulai 
neplmtis is explained on the basis of anemia or decreased cell volume 
The cell plasma volume lelationship showed a tendency to maintain 
the noimal latio m the cases of cardiac disorders, diabetes and nephro- 
sis, in both edema and nonedema periods When this ratio was not 
maintained, anemia was piesent Anemia is piactically always asso- 
ciated with glomerulai nephritis , 20 and therefoie theie was a decrease 
m cell plasma i olume ratio m these cases, both m edema and nonedema 
periods There was no evidence that dilution played a part m the anemia 
of glomerular nephritis There were no umfoim changes in the volume 
states during diuresis m the vaiious types of edema In the renal cases 
minor fluctuations, if any, were observed m cell and plasma volumes 
The gieatest fluctuations weie observed in the caidiac and diabetic 
cases Changes took place m eithei direction, indicating volume 
contraction, mild dilution, 01 lestoration and concentration piocesses 

The concentration -values during the edema period weie too vanable 
to permit geneializations Hydremia, or increased watei content of 
the plasma, was found occasionally in all types of edema, m periods 
of edema and in periods free fiom edema The highest concentration 
•value was found in cardiac cases No constant fluctuation occuued 
during the penod of diuresis, and the changes weie not umfoim, 
occurring in eithei direction 

The cell uater percentage fluctuated widely, which possibly explains 
the slight variations observed in the cell percentage by hematocrit The 
fluctuations in peicentage hemoglobin do not always 1 effect changes in 
the total blood volume, as plasma volume variation may partially mask 
the fluctuation m actual hemoglobin and cell volume 

SUMMARY 

In a small series of cases repiesentmg different types of edema, 
the blood was studied in relation to the circulating total blood and plasma 
•volume and its composition in both edema and postedema periods 

Because of the confusion and inadequacy of teims relating to volume 
states, certain new tei ms ai e pi oposed In the edema stage, an increased 
total circulating blood volume, simple hypeivolemia was obseived in 
certain of the cardiac and diabetic cases, but not m any case of edema of 
renal origin No definite evidence was obtained to show that oligo- 
cythemic hypervolemia exists as a maintained state in edema, except 
possibly m the presence of a tiue anemia A decreased blood volume 

20 Brown, G E, and Roth, Grace M The Anemia of Chronic Nephritis, 
Arch Int Med 30 817-840 (Dec ) 1922 
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with a decreased cell to plasma volume ratio, oligocythemic hypovolemia, 
was found m the foui cases of glomerular nephritis This is explained 
on the basis of the existing anemia, and apparently stands m no relation 
to the edema itself The anemia is a tiue 01 absolute anemia and is 
not due to dilution Simple normovolemia was found in all three 
uncomplicated cases of nephrosis 

Studies of the composition of the blood revealed no fixed relation- 
ship between hydremia (increased percentage plasma water) and the 
\olume state Diuresis exercises no fixed influence on the volume and 
composition of the blood Only minor changes chaiacterize the dis- 
appeaiance of edema of renal ongm and are piobably, m some instances, 
related to compensatory efforts of the blood to establish normal cell 
plasma volume latios The cases of renal edema show the least 
fluctuation during diuresis 

During diuresis, marked changes m blood volume were observed m 
certain cases of edema of cardiac or diabetic origin, repiesentmg variable 
adjustments m volume, solids and fluid factors In diuresis the percent- 
age fluctuation m any one constituent of the blood does not necessarily 
reflect corresponding volume changes Changes m blood solids may be 
partially or completely masked b} fluctuation in water content m the 
absence of lolume changes 
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Management of Diabetls By George A Harrop, Jr Pp 176 Price, $2 00 
New York Paul B Hoeber, 1924 

Since insulin has become important m the treatment of diabetes, a manual 
containing instructions m directing its use, along with dietary regulations, is 
needed by the general practitioner Such information, given with sufficient 
detail, is contained m this book by Harrop 

There are discussed the metabolic derangement in diabetes, the acid base 
mechanism and the acidosis of diabetes, insulin and its physiologic effects in 
the body, the management of the diabetic patient with insulin and diet regula- 
tion, and the treatment of acidosis, as well as other complications of diabetes 

The instructions regarding diet regulation include useful recipes and food 
value tables Methods are given for determining the alkali reserve and sugar 
of the blood, as well as qualitative and quantitative tests for sugar and other 
urine constituents 

The text is a useful guide for the general practitioner, and may be given 
for instruction to intelligent patients 

Clinical Laboratory Diagnosis By Roger Sylvester Morris Pp 456, 
5 plates, 99 illustrations New York. D Appleton & Co, 1923 

This is an excellent, well illustrated text for clinical laboratory examina- 
tions, considerably more extensive than the 1913 volume It contains detailed 
instructions for conducting qualitative and quantitative examinations of the 
dissolved urine constituents, as well as for the identification of the formed 
elements The same is true as regards examinations of the gastric juice, the 
feces and the sputum Much useful information regarding the identification 
of parasites, both vegetable and animal, is included Bacteriologic methods 
for identifying organisms of the mouth, eye, throat and nose are given, as well 
as those neccssaiy for recognizing the vegetable and animal parasites of 
the skin 

The chapter dealing with blood examinations contains instructions for 
determining the cell content, the hemoglobin and certain ratios, such as the 
volume and color indexes, the viscosity, the coagulation time, the specific gravity 
and the fragility of red cells The instructions for identifying the cells m 
stained preparations are complete There are given descriptions of the changes 
in the blood with different diseases and the identification of blood parasites 
The culturing of the blood for bacteria, and directions for determining, 
quantitatively, the chemical constituents are included There are other instruc- 
tions for examining spinal fluid and fluids from serous cavities 

This is a well organized and useful laboratory manual 

Questions Actullles be Biologie Medicale Par G H Roger, Doyen de la 
Faculte dc medicine de Paris, Professeur de Pathologie experimental et 
comparee, Membre de l’Academie de Medicine Paris Masson et Cie, 1924 

This monograph is essentially a summary of the author’s own researches 
on the lungs, the cardiovascular system, the suprarenals, the liver, the ferments 
and the bile Each of these subjects is treated in a separate chapter The 
author has made special investigations on the action of the lung on the fatty 
substances of the blood, and concludes that the lung tissues have a very marked 
lipolytic action 

The chapter on cardiovascular physiology and pathology deals particularly 
with experiments with injections of organ extracts 
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In the chapter on the suprarenal glands, the author details experiments 
which lead him to conclude that the suprarenal medulla secretes epinephrin 
continuously in quantities sufficient to counterbalance the influence of the 
vagi nerves on the heart 

In the chapter on the role of the bile, the author concludes among other 
things, that bile retards intestinal putrefaction by three processes that is, 
it favors the development of B colt and depresses the development of anaerobic 
organisms, it diminishes the secretion of ferments by the bacteria, and it 
decreases the action of these bacterial ferments on fermentable material 

There are very few references to the literature in the monograph, and no 
index 

Apercu de la Physiologie et de la Pathologxe Generales DU StSTEME 
Lacunaire Par C Achard, Professor de chnique medicale a la Faculte 
de medecine de Paris , Membre de l’Academie de medecine Pp 125 
Paris Masson et Cie, 1924 

This monograph is a critical and useful review of the physiology and 
pathology of what the author calls, the “systeme lacunaire ” Under this term, 
the author includes the great variety of spaces in the body, such as the 
intercellular spaces , the lymph spaces in the connective tissues , the sub- 
arachnoid spaces , the spaces in the internal ear containing endolymph and 
perilymph, the spaces in the eye containing the aqueous and vitreous humor, 
the serous cavities of the body, and the spaces in the joints containing 
synovial fluids, as well as the fluids in these varieties of spaces, and the 
physiology of the modification of these fluids in diseases such as edema, 
glaucoma, hydrocephalus and inflammations The author points out the 
primitive character of this system of tissue spaces, this system antedating, both 
in phylogeny and autogeny, the vascular and the true lymphatic systems 

In the last chapter, the author discusses the therapeutic measures for the 
control of the various types of edema and excess accumulation of fluids in 
the lacunaire systeme 

The appendix contains analyses of the chemical composition of all these 
various fluids m health, and in many cases as modified by various diseases 

The literature cited is mainly French and German The author refers to 
only two English and twelve American contributions in this field Research 
men and internists interested in the fundamental problems of hydration, dehydra- 
dration, edema, etc , will find the volume interesting and helpful 

Diseases of the Chest and Principles of Physical Diagnosis By George W 
Norris, M D , Professor of Clinical Medicine in the University of Penn- 
sylvania, and Henry R M Landis, M D , Director of the Clinical and 
Sociological Departments of the Henry Phipps Institute of the University 
of Pennsylvania With a chapter on the Electrocardiograph m Heart 
Disease, by Edward Krumbhar, Ph D , M D , Director of Laboratories 
of the Philadelphia General Hospital Cloth Price, $9 50 net Third 
edition, revised Pp 907, 432 illustrations Philadelphia W B Saunders 
Company, 1924 

The third edition has been revised and enlarged It is a book of 907 pages, 
attractively printed and adequately illustrated Some parts have been rewritten 
and the descriptions of a number of rare conditions, formerly omitted, are 
included The work is too well known among medical educators to require 
detailed description The numerous illustrations of frozen sections of the normal 
and of the grossly pathologic chest, showing the relationship of deep structures 
as well as of surface anatomy, are especially valuable The chapter on the 
electrocardiograph is a clear and concise presentation without undue emphasis 
on this rather technical phase of physical diagnosis In fact, the importance 
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of established means of physical diagnosis as compaied with modern laboratory 
methods, without, however, detracting from the usefulness of the latter, is 
stressed throughout the hook 

Parts I and II are concerned with the examination, and Parts III and IV 
with diseases of the respiratory and circulatory systems, respectively Since 
the special parts include etiology, bacteriology, morbid anatomy, and symp- 
tomatology of diseases of the chest, the scope of the work necessarily overlaps 
the fields both of physical diagnosis and general medicine The book is among 
the best texts in English on diseases of the chest , it is chiefly of value, however, 
as a text on physical diagnosis That there is a demand for a book of this 
type is evidenced by the fact that it has gone through three editions m seven 
years Practitioners of medicine undoubtedly find it a useful treatise on 
diseases of the chest 

From the standpoint of the medical student, the book does not meet the 
requirements of an ideal text on physical diagnosis It is not possible for 
him to use the present volume exclusively, even in its restricted field For 
example, about two-thirds of the present volume, 1 e , Parts III and IV, deal 
with the principles of medicine — etiology, pathology, symptomatology, etc — 
as restricted to diseases of the chest Much of the material would be better 
covered in a general test on the principles and practice of medicine More- 
over, physical diagnosis as applied to the head, abdomen and extremities is 
not included While these are admittedly of less importance, an ideal text 
for students should include them 

The idea suggests itself that it would be a valuable contribution to medical 
education in this country if future editions of this excellent work could be 
restricted to the field of physical diagnosis, without necessarily shortening 
it The ideal text m English on physical diagnosis remains to be written 

Lectures on Endocrinology By Walter Timme, M D , Attending Neurologist, 
Neurological Institute, New York, Professor of Endocrinology, Broad Street 
Hospital , Professor of Nervous and Mental Diseases, Polyclinic Medical 
School and Hospital Price, $1 SO Pp 123, 27 illustrations New York 
Paul B Hoebcr, 1924 

Hus little booklet is a reprint of an article published, in 1921, in the 
Ncui ological Bulletin It contains chapters on the thymus gland, the pineal 
gland, the thyroid gland, the suprarenal glands, the pituitary gland and the 
gonads, together with a small number of references to the literature (six 
pages), and a brief index The diction is concise and clear, the illustrations 
(photographs of patients) are on the whole, well selected, but the author 
frequently fails to distinguish clearly between theories and facts Perhaps 
this is not so easily done in treating of the difficult subject of endocrinology 
in such a brief space Naturally, the author stresses particularly the nervous 
manifestations of ductless gland disorders, or alleged ductless gland disorders, 
not always clearly showing which is cause and which is effect The author 
accepts, apparently in toto, the current theories of the “vagotonia” and 
“sympathicotonia ” He states, “Theoretically, the thymus secretes a substance 
which has vagotonic properties, and practically this is frequently found to be 
borne out ” So far from actually being found frequently or infrequently it is 
still an open question how or whether the thymus actually functions as an 
endocrine gland Certainly the extirpation of the thymus, in young animals, 
gives no support to the endocrine function theory of the thymus According 
to Timme, persons with precocious involution of the thymus “are themselves 
precocious, with much initiative, are easily aroused to anger, and are resentful 
They have cruel instincts and show little inhibition Although they seem far 
advanced for their years while still young, they never seem thoroughly to 
mature, and become blocked in early adolescence They seem to retain their 
impulsive, unreasoning characteristics, brook no restraint, and remain con- 
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stantly a prey to their easily aroused anger ” This seems a big indictment 
against the thymus, on the basis of what is actually known of the function of 
this gland, at present 

In the chapter on the thyroid gland, the author states that ammonium 
carbonate is converted finally into urea by parathyroid action But where 
is the evidence for this interesting statement ? The author ascribes the symp- 
toms of the normal and artificial menopause in women to hyperthyroidism 
“A good example of such hyperthyroidism is that seen in some women after 
the menopause — the ovarian function having ceased, the thyroid is left without 
sufficient counterbalance and a hyperthyroid state ensues This awakens over- 
activity of the adrenals, with resulting high blood pressure , and the combination 
produces the flushing, the vasomotor instability, the paresthesiae, etc , of this 
condition ” The control or inhibition of the thyroid by the gonads is still 
an unproved assumption, and there is no reliable evidence that the nervous 
manifestations of the menopause are due, in whole or in part, to excessive 
activity of the thyroid Certainly, castration or spaying in animals does not 
lead to hyperthyroid symptoms, if we can rely on the basal metabolism as an 
index of thyroid activity 

In the chapter on the suprarenals, the author assumes that excessive blood 
pressure or hypertension is caused by excessive activity of the suprarenal 
medulla, and that the function of the suprarenal cortex is that of inhibition, 
or regulation of the output of epinephrin by the medulla These are interesting 
speculations of working hypotheses, but can hardly as yet be put out as con- 
clusions to guide the practitioner in diagnosis and treatment 

In the chapter on the gonads, the author says, “During the period following 
menstruation when the corpora lutea are formed, there is usually a diminished 
thyroid activity As this period of luteal activity begins to wane, and the 
next menstrual period approaches, the thyroid, presumably less opposed, becomes 
overactive and the nervousness, excitability and general mental uneasiness 
produced by thyroid activity become manifest” This assumption of thyroid 
hyperactivity and hypo-activity, in certain periods of the menstrual cycle, is 
not borne out by basal metabolism studies 

In the preface to the booklet, the author says he has in mind the produc- 
tion of a larger and more complete work on this subject In this larger 
work contemplated, it is to be hoped that the author’s facile expression and 
clear diction will be coupled with greater critical analysis, both of the clinical 
and the experimental data in this difficult field 



Archives of Internal Medicine 


Volume 35 FEBRUARY, 1925 Number 2 


ARTERIAL HYPOTENSION * 

JOSEPH H BARACH, MD 

PITTSBURGH 

It is well at times to free our minds from the fixity of things as 
they are and try to see an object in its actual relationship to the com- 
plete scheme of things to which that object belongs A true perspec- 
tive thus gamed will occasionally save us from getting too fai from the 
main road of tiavel and from going astiay 

Because arterial hypertension has been so widely studied, even to 
the point of having quite a number of books written on the subject, 
arterial hypotension has likewise been trotted into the medical arena, to 
have its action and values carefully rated 

Whatever advance has come to medicine tlnough the study of arterial 
tension, this study was only made possible by the perfected sphygmo- 
manometer Blood piessuie mstiuments, as well as blood pressure 
studies, have rendered a signal service to medicine, and we who have 
used them, each model m its turn, are grateful to Stanton, Nicholson, 
Faught and others for their efforts in simplifying and standardizing the 
sphygmomanometei , and making of it a practical every day instrument, 
and to Noiris, Goodman, Gittings and others for their valuable con- 
tributions to the subject 

A noted internist examines a patient and evaluates his disease, and 
an average practitioner examines a similai patient and places his estimate 
on the case It is easy to surmise that there will be two widely vary- 
ing diagnoses as a result of different experiences and breadth of point 
of view On the other hand, blood pressure estimations made by the 
same examiners of totally unequal medical skill will give the same result 
and have exactly the same scientific value 

One may therefore say that a procedure, no matter how limited its 
scope, which makes the effort of the most experienced, and that of the 
average physician of equal scientific value, is advantageous to medicine 
Instruments of precision are democratizing the practice of medicine very 
rapidly We need more instruments, more methods of precision, more 
criteria, and more standardization, but, above all, we need correct 
interpretation of the data furnished by these methods Great clinical 

♦Read by invitation before the section on general medicine, College of 
Physicians of Philadelphia, April 28, 1924 
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insight will ever remain the genius of a few But of what good is the 
science of medicine if it does not reach all the sick m the time of their 
need? 

Arterial tension of a certain height, howevei produced and main- 
tained, is necessary for propulsion of the blood Sir James Barr 1 has 
well said, “Without a certain diastolic pressure, man could not assume 
and maintain the erect posture If you hang a rabbit by the ears, after 
the sympathetic nervous system has been divided m the neck, it immedi- 
ately dies because all the blood gravitates into the abdomen Only for 
the lesistance created to the outflow, by the vasomotor nerves, man 
would have to go on all fours ” 

It is well then, since there is arterial tension, hypertension and 
hypotension, that we learn its full significance and what there is for us 
to do about it 

My discussion deals with arterial hypotension For a more com- 
plete understanding and a broader view of the subject as a whole, I 
shall present for youi consideration some observations on low blood 
pressure, both m health and disease For the sake of uniformity with 
the work of others, I have adopted the level of 110 mm of mercury 
or less as indicating arterial hypotension Having agreed that 110 mm 
of mercury is the high point of arterial hypotension, we may ask 
ourselves first of all, What is the frequency of hypotension m health? 
In answer to this, one should examine healthy groups to deteimme the 
incidence of this condition 

RESULTS OF EXAMINATIONS 

Gi oup 1 — In 1914, at Carnegie Institute of Technology, Pitts- 
burgh, we made a study 2 of blood pressures m 656 students In this 
series, we found twenty-three cases m which the systolic pressure was 
from 100 to 110 mm of mercury, and seven in which the systolic 
pressure was from 90 to 100 mm of mercury This made a total of 
thirty cases of hypotension m 656 normals, which was an incidence of 
about 4 per cent 

Group 2 — In the summer of 1918, at Camp Sherman, out of a 
series of 31,596 recruits, 1,315 were referred to our cardiovascular 
board for special study In this group of 1,315, there were seventy-three 
cases of pure arterial hypotension This hypotension group did not 
include cases of any recognized cardiovascular or other organic disease 
Of these seventy-three cases, we found it necessary to reject thirteen 

1 Barr, James High Arterial Pressure, Its Nature, Causes, Effects and 
Treatment, Am Med 29 349 (June) 1923 

2 Barach, J H , and Marks, W L Blood Pressures, Their Relation to 
Each Other and to Physical Efficiency, Arch Int Med 13 648-655 (April) 1914 
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with the diagnosis of arterial hypotension, believing that those men were 
incapable of perfoiming the duties of a soldiei The incidence of hypo- 
tension for the group was about 5 5 per cent 

Group 3 — In this group of 27,224 reciuits, 1,016 were examined 
by our board Of these, twenty-four were rejected as m Group 2, an 
incidence of about 2 3 per cent 

Gi oup 4 — In the examination of last year’s freshmen at the 
Carnegie Institute of Technology, Dr Wm L Marks and 1 2 examined 
the records of 1,100 males In this 1,100, we found that fifteen had a 
systolic pressure of 110 mm of mercury and nine had a systolic pressure 



Fig 1 — Asthenic type, hypotension, 68 per cent 

of less than 110 mm of mercury Again, we find an incidence of about 
2 5 per cent 

The body weight of these hypotension patients was considerably 
less than that of the other men Compared to standard body weight, 
seventeen out of the twenty-four aveiaged 16 pounds (7 3 kg ) under 
normal for their age and weight Two were normal, and five out of 
the twenty-four were 5 pounds (2 3 kg ) above normal This under- 
weight indicates the type of individual m whom hypotension occurs 
Another characteristic of the type is found m the chest expansion, 
which was 2 9 inches (7 2 cm ) for the hypotension patients while it 
was 3 1 inches (7 8 cm ) for the normals 
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Gioup 5 — I now present a group lllustiating the physical efficiency 
of this type of case In 1910, we made a study of fifty-five Marathon 
runners 3 Theie were three cases of hypotension While all the con- 
testants trained for a period of months prioi to the race, we found that, 
m the three hypotension cases, one contestant diopped out within the 
first few miles of the lace, anothei lan 10 miles and quit, and the 
third ran 13 miles and quit, showing the physical incapacity of these 
hypotension subjects Two of these thiee weie undei noimal weight 
The losers as well as the hypotension subjects bad smallei chest capacities 
than the winners In rating the physical efficiency of the fifty-five 
contestants, the hypotension subjects were awaided foity-third, fiftieth 
and fifty-first place 

Gordon, Levine and W llmaers 4 i ecently reported then observations 
on a group of Marathon runneis m Boston In going ovei their 
figures pertaining to vital capacity, it is to be noted that with the height 
formula of Hewlett and Jackson as an index of vital capacity, the vital 
capacity of the first to finish the race was above noimal Subdivided m 
groups of ten, we note that the vital capacity of the fiist ten to finish 
the race was 106 7 per cent of normal The second ten was 106 3 per 
cent of normal, the thud was 104 3 per cent of normal While the 
figures are not much above normal, they do indicate the tendency 

ANALYSIS OF RESULTS 

Including the five gioups, we see that artenal hypotension occurred 
m about 3 5 per cent of the 4,142 men of student and nnlitaiy age 
Alvarez, 5 in a group of 6,000 men students in California of the same 
ages as our students, leports an incidence of 2 2 per cent We found 
hypotension subjects to be consideiably under normal weight Fisk 6 
of the Life Extension Institute noted underweight to be the predominant 
characteristic in 70 per cent of the hypotension subjects picked out of 
a group of 12,000 insurance l isles Symonds, 7 leviewmg a laige group 
of 150,419 insuiance risks, observed that lighter built groups have 
lower blood pressures than heaviei ones We found that hypotension 

3 Baracli, J H Pl^siological and Pathological Effects of Severe Exertion 
on the Circulatory and Renal System, Arch Int Med 5 382-405 (April) 1910 
Savage, W L , Boyce, J W , and Barach, J H Physiological and Pathological 
Effects of Exertion, Am Physical and Education Rev 15, December, 1910, 
16 , January, February, March, April, May, 1911 

4 Gordon, B , Levine, S A , and Wilmaeds, A Observations on a Group 
of Marathon Runners With Special Reference to the Circulation, Arch Int 
Med 33 425 (April 15) 1924 

5 Alvarer, W C, Wulzen, R, and Mahoney, L J Blood Pressures, 
Arch Int Med 32 17 (July) 1923 

6 Fisk, E L The Relationship of High Blood Pressures to Other 
Impairments, Am Med 29 446 (June) 1923 

7 Symonds, B Blood Pressure in Health (Mutual Life Insurance Com- 
pany, New York) Am Med 29 408 (June) 1923 
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patients have a smaller chest capacity Our observations also show that 
hypotension patients display a marked inefficiency for arduous and sus- 
tained physical effort, and that they are distinctly of the nonathletic 
type In the Boston 1 unners referred to, the vital capacity was smaller 
m the third group of ten, who finished last 

At this point, I wish to call attention to the observations of Lari- 
more 8 who made a study of a group of 417 male and female factory 
workers, whom he divided into four types the sthenic, hypersthenic, 
hyposthenic and asthenic ILypotension was present in 9 7 per cent of 
the sthenic males, and m 68 per cent of the asthenic males , m 18 8 per 
cent of the sthenic females, and m 64 5 per cent of the asthenic females 

We may therefore say that, among normals, hypotension occurs m 
lighter weight individuals of the hyposthenic and asthenic build having 
smaller chest capacity, and in those who are distinctly of the non- 
athletic type 

PHYSIOLOGIC VARIANTS PRODUCING LOWER ARTERIAL TENSION 

It is well known that, on reaching high altitudes, a series of circu- 
latory changes take place There is adjustment and readjustment of the 
respiration and circulation These changes are produced by lack of 
oxygen, the lesult of lowered partial pressure of oxygen 

Likewise, at any altitude, in a closed system, such as a breathing 
apparatus, oi in a closed chamber, reduction of oxygen supply will bring 
on all the symptoms of altitude sickness dizziness , visual disturbances , 
depression of the nervous system , cyanosis , weakness and exhaustion , 
headache, nausea, vomiting, thoracic oppression, rapid pulse, air 
hunger, a temporary rise and then a fall of blood pressure These 
symptoms come on with varying lapidity, depending on the physical 
condition of the subject 

Along with these symptoms of altitude sickness, Greene and Gilbert 9 
have shown by numerous electrocardiographic studies that oxygen want 
produces a depression of cardiac function Rhythm production and 
rhythm conduction both are interfered with when the oxygen supply 
falls to a certain level 

A fact well known, clinically, is that the sthenic, the broad chested, 
the athletic type of individual adjusts himself to oxygen want quite well, 

B Lanmore, J W A Study of Blood Pressure in Relation to Types of 
Bodily Habitus, Arch Int Med 31 567 (April) 1923 

9 Greene, C W, and Gilbert, N C Studies on the Responses of the 
Circulation to Low Oxygen Tension, III, Changes in the Pacemaker and in 
Conduction During Extreme Oxygen Want as Shown in the Human Electro- 
cardiogram, Arch Int Med 27 517-557 (May) 1921, V, Stages in Loss of 
Function of the Rhythm Producing and Conducting Tissue of the Human 
Heart During Anoxemia, Am J Physiol 56 475 (July) 1921 
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whereas the asthenic type, the hypotension type, stands it poorly The 
first eftect of the higher altitude on blood pressure is an increase When 
readjustment has occurred, a sustained increase m pressure is never 
seen When the observations have been satisfactorily made, there is 
either a distinct fall or a readjustment toward the normal 

The animal organism accommodates itself remarkably well to dimin- 
ished oxygen Lovenhart 10 pointed out that if the atmospheric oxygen 
were reduced by half, animal life would not be interfered with noticeably, 
but that locomotives could not run, illuminating gas would not burn and 
many highly inflammable substances would be as inert as water 

HYPOTENSION IN DISEASES 

Let us now turn to some observations on the occurrence of arterial 
hypotension m disease Of these we will first consider our findings in 
the acute infectious diseases 

Typhoid Fevci — In 1905, I made a series of observations on eighty- 
one cases of typhoid fever 11 The readings were made four times 
daily throughout the course of the disease Hypotension was found 
present from beginning to end, reaching its lowest level m the fourth 
week of the disease The average systolic pressure for the entire group 
of eighty-one cases was 93 mm of mercury in the first week, 92 mm 
m the second week, 83 mm in the third week, 83 mm m the fourth 
week, 85 mm m the fifth week, and 90 mm in the sixth week of the 
disease As convalescence progressed, pressure returned to normal 
Influenza — Influenza is the acute infectious disease of the northern 
temperate zone, in which the blood pressure seems to reach its lowest 
level In September, 1918, I studied the blood pressure m a series of 
fifty cases of influenza at the Base Hospital, Mmeola, LI For the 
entire group, the average systolic pressure was 89 mm , and the diastolic 

Typical Blood Pressure Cwve in Influenza 


First Day 

Second Day 

Third Day 

Fourth Day 

115 

92 

85 

112 

70 

60 

60 

70 

72 

60 

72 

72 


pressure 53 mm of mercury The lowest systolic pressure was 72 mm , 
and the diastolic pressure 48 mm of mercury In uncomplicated cases, 
the pressure continued falling during the first, second and third day 
of the disease, and began rising on the fourth day A typical curve is 
shown in the accompanying table 

10 Lovenhart, A S Certain Aspects of Biological Oxidation, Arch Int 
Med 15 1059 (June) 1915 

11 Barach, J H Blood Pressure Studies m Typhoid Fever, Pfenn M J , 
March 19, 1907 
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The slow pulse accompanying hypotension m influenza is noteworthy 
Hypotension occurs in about 3 5 per cent of normal soldiers, but it 
occurs m 100 per cent of soldiers with influenza 

Acute “Colds "—In acute infections of the uppei respiratory tract, 
such as rhinitis and bronchitis, when the patient complains of muscle 
pains, chilliness, cold hands, cold feet and shivering, with a normal or 
subnormal temperature, if such a patient’s blood pressure is taken, one 
will find a temporary hypotension 

Pneumoma — In pneumonia, there is practically always a marked 
fall in the blood pressure, so much so that a well known rule has been 
formulated by Gibson to the eftect that a bad prognosis is indicated if 
the pulse rate is higher than the figures for systolic pressure Experi- 
ence has shown that this rule is not a reliable guide , it has, nevertheless, 
called attention to an important phase of the disease 

It is interesting to note that in acute infectious diseases involving 
the respiratory tract, arterial hypotension is most marked Even m 
typhoid fever, the respiratory tract is not a negligible factor In 500 
cases of typhoid fever, 12 I found symptoms and physical signs of 
bronchitis m 20 per cent and pneumonia m 5 per cent Those of us 
who have treated many typhoid patients have known the frequency of 
hypostatic congestion of the lungs 

In these acute infectious diseases there is a tendency to cyanosis 
most marked m influenza, constant in pneumonia and present also in 
typhoid fever In typhoid fever, it is noticeable in the dusky, fevered 
face, and m the bluish color under the nails In these diseases, cyanosis 
and increased respiratory rate indicate the degree of respiratory deficit 
There are other acute infections, among them erysipelas and diph- 
theria, m which hypotension occuis and in which the mechanism is 
probably the same Oxygen requirement is high m all feveis, irrespec- 
tive of the type We should keep m mind that oxygen want may be 
produced by a high rate of expenditure, a lower than normal oxygen 
intake, or both, and that oxygen deficit is the result of diminished vital 
capacity, a diminution of the respiratory surface, and impermeability 
of a diseased respiratory mucous membrane One thing stands out 
clearly, and that is, that m acute infections in which hypotension occurs, 
we find evidences of a respuatory deficit and, therefore, of oxygen want 

HYPOTENSION IN CHRONIC DISEASES 

Pulmonary tuberculosis is accompanied by a very marked degree 
of arterial hypotension All observers are agreed that hypotension is 

12 Barach, J H Clinical Observation in Five Hundred Cases of Typhoid 
Fever, International Clinics 11, Series 19, 1909 
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a characteristic of the disease The degree of hypotension is propor- 
tionate to the extent and severity of the disease In this disease, 
respiratory deficit and artenal hypotension go hand m hand 

That anemias are accompanied by hypotension is well known In 
Addison’s disease, hypotension is said to be most marked After cardiac 
decompensation has begun, blood pressure falls 

Diabetes is a disease in which we find both hypotension and hyper- 
tension Hypertension in the type associated with sclerotic vessels and 
nephritis, hypotension occurs in those cases in which there has been 
gieat loss of flesh and strength, and in which there is an accompanying 
weakness My lecords in the last eighteen months show that, m 118 
cases of diabetes, forty-four had a systolic pressure of 110 mm of 
mercury, forty-six had a systolic pressure of from 110 to 150 mm, 
and twenty-eight had a pressure higher than 150 

Hypothyroidism and those inseparable endocrine disturbances coi re- 
sponding closely to the clinical picture of hypothyroidism constitute a 
group m this series All patients m this group had a minus basal 
metabolism and showed a great tendency to hypotension, irrespective of 
their obesity These patients suffer decreased oxidation, which, of 
course, is different from oxygen want, although the effect on arterial 
tension may be the same 

Of twenty- thi ee such patients, twenty had marked hypotension 
Their average basal metabolic rate was minus 10 per cent , but two 
thirds of them had a basal metabolism of minus 15 per cent or more 
For the series, the average systolic pressure was 99 mm of mercury, 
and the diastolic was 66 The average weight for the group was 
35 pounds (15 9 kg ) above nonnal standard 

In chiomc respiratory diseases, such as tuberculosis, the patient’s 
lespiratory deficit comes fiom the consolidated lung and muscular 
weakness, both reducing pulmonary ventilation In anemia, the oxygen 
carrying power of the blood is deficient In hypothyroidism, the 
oxygen consumption is diminished 

ESSENTIAL VASCULAR HYPOTENSION 

Let us now consider a group of 100 cases in which arterial hypo- 
tension constitutes the most marked abnormality m the individual This 
type has been called essential hypotension (The group does not 
include l ecognizable cases of severe anemia, cachexia, pulmonary tuber- 
culosis, Addison’s disease, hypothyroidism or any recognized cardio- 
vascular diseases ) 

There were, m the entire group, forty males and sixty females 
Without going into a detailed analysis of symptoms, which would be 
endless and without profit, and without classifying the various diag- 
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noses that were made m these patients, and which, if proved, would 
probably be wrong m about one-half the cases, I am going to offer my 
general impression of their most marked characteristic 

Taken as a group, the subjects aie distinctly undersized They 
are nonathletic They have narrow nostrils and, frequently, nasal 
obstructions , they have narrow chests and slender bodies They dis- 
tinctly belong to the hyposthenic and asthenic type They have a smaller 
than normal chest capacity, and they have a marked tendency to muscular 
relaxation Frequently, they have drooping shoulders, and they are 
shallow breathers At times, we note irregular breathing This irregu- 
lar breathing is similar to the periodic type of breathing seen in new- 
comers to a high altitude, which is plainly due to oxygen want and is 
promptly relieved by oxygen inhalation 

ARTERIAL HYPOTENSION AFTER MIDDLE LIFE 

In a group of forty-six patients, ranging fiom 60 to 90 years of age, I 
find that there were five whose systolic blood pressure did not exceed 
110 mm of mercury I know that some of these had arterial hypotension 
for many years, and I have seen the blood pressuie recede from year 
to year, with the advancing atrophy of muscle and subcutaneous tissues 
In some individuals of this type, I believe that the oxidative process, 
throughout their long lives, runs on an economic basis, which would, in 
part, account for their longevity It is interesting to recall that Fisher of 
the Northwestern Mutual Life Insurance Company found that, after 
middle life, hypotension patients live longer than persons whose pressure 
does not exceed 148 mm of mercury 

SUMMARY AND CONCLUSION 

The incidence of arterial hypotension is fairly constant, and it is 
found m about 3 5 per cent of persons in apparent good health As 
previously pointed out by others, the individual who has hypotension is 
physically subnoimal and is of the hyposthenic or asthenic type My 
strong impression is that he has been endowed with a poor respiratory 
apparatus 

A normal person subjected to a diminished oxygen supply, such 
as occurs at high altitudes, will have a lowering of blood pressure If 
he is of the sthenic type, he adjusts himself well, if he has a poor 
respiratory apparatus, he is sure to experience a more or less severe 
attack of mountain sickness All this can be produced artificially, m a 
closed chamber, by reducing the oxygen supply 

In the acute infectious diseases, especially those involving the respira- 
tory tract, in which a respiratory deficit occurs, hypotension is found 
In chronic pulmonary diseases and m certain metabolic disturbances m 
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which there is a subnormal oxidation, and in other diseases m which 
theie is an insufficient volume of blood to cany oxygen, as in hemor- 
lhage or pernicious anemia, or in which the blood is a poor oxygen 
earner, we again find arterial hypotension All the evidence, when 
con elated, seems to point significantly to the deduction that when there 
is a lespiratory deficit and decreased oxidation, then we find aiterial 
hypotension It is an easy step forward, if one is willing to take that 
step, to assume that we are here dealing with a cause and its effect 
If this holds good in the light of further experience and observations, 
then, m stating the causative factois of artenal pressure, we will write 
that arterial pressure is dependent on energy of the heart, the resistance 
m the arteries, and the quantity and character of the blood But we 
will place before these and as the first factor “respiratory effort and 
oxygenation ” 



A QUANTITATIVE TEST OF DIGESTIVE PANCREATIC 
ACTIVITY, EASILY APPLIED CLINICALLY 

TESTS FOR VOLUME OF PANCREATIC JUICE AND 
BILE SECRETIONS 1 

ANTHONY BASSLER, MD 

NEW YORK 

The value of some clinical method of estimating the digestive activity 
of pancreatic juice is apparent Extraction of small portions of the 
duodenal contents and the testing of the return to note the presence of 
enzymes have been devised, but all of the methods are only qualitative, 
and the admixture action of the enzymes takes place outside the body 
instead of m vivo For these reasons, they have not been popular A 
method that called for the use of tubes filled with various substances had 
been suggested , 1 m which the element of error is too great for clinical 
purposes Another method, much more accurate but quite impossible as 
a routine clinical procedure, has been devised 2 m which the three enzymes 
are estimated The oil regurgitation method of Boldyreff and Volhard is 
not practical The best work thus far reported has been done by Crohn , 3 
and acknowledgment is made of its assistance A method of examination 
is herewith described m which the secretion and admixture of pancreatic 
juice takes place normally and within the body, which is sufficiently 
accurate foi clinical application, is easity and quickly carried out, and 
does not require much special apparatus, solutions or technical knowledge 
for its performance In its application, thus far, it answers fai better in 
noting deficient pancreatic function than the examination of feces, 
because shades of difference in activity are not possible of being deducted 
from stool examinations In these, when the examination shows many 
and striated muscle fibers, steatorrhea and fatty acid crystals, the pan- 
creas is generally markedly advanced m dysfunction Other conditions 
than pancreatic disease may give positive findings, and often, m distinct 
pancreatic involvement, the feces tests are normal owing to enzyme 
activity of intestinal bacteria supplanting deficient pancreatic secretion 


*Read before the Section on Gastro-Enterology and Proctology at the Sev- 
enty-Fifth Annual Session of the American Medical Association, Chicago, June, 
1924 

1 Emhorn, Max Agar Tubes for the Estimation of Pancreatic Ferments, 
M Rec, Oct 12, 1912 

2 McClure, C W , Wetmore, A S, and Reynolds, Lawrence New 
Methods for Estimating Enzymatic Activities of Duodenal Contents of Normal 
Man, Arch Int Med 27 706 (June) 1921 

3 Crohn, B B Am J M Sc 114 393 (March) 1913, Arch Int Med 
15 581 (April) 1915 



BASSLER — DIGESTIVE PANCREATIC AC7 1 VI TV 163 

In the development of the method suggested, much work has been 
done against the many difficulties that aie encountered m digestion in 
the duodenum and laboiatoiy procedures There are said to be foui 
enzymes in panel eatic juice lipase, amylase, trypsin and rennin, the 
first three being impoitant Since rennin (the existence of which I 
question) is also present in the stomach (which I also question) it was 
not consideied The oiigmal woik was done on trypsin With pepsin 
m the gastnc juice and the juts through the pyloius carrying this 
feiment and even the end products of peptones, no shaip deductions of 
tiypsm activity could be gained, this being further confused by the 
unknown factor of enterokinase from the duodenal mucosa, the activator 
of tiypsm It was learned here, however, that m achylic stomachs, fiee 
from pepsin, that the factor of panel eatic tiyptic activity was capable of 
conveitmg ample amounts of native piotems for nutritive balance 
Because of the occurrence of lipase solelv m the panci eas, its quick 
ability to attack neutial fat, the steadiness with which this activity was 
met with, its quick secietion and in frank amounts, two yeais tune was 
employed in studying and utilizing this feiment as the basis of the test 
As experience multiplied, two factois peisisted in bringing so much 
discouragement about that it was abandoned, these being the bile factor 
and the 1 eversibility action of this enzyme This left amylase, which 
selves as the basis of the test, and enough woik has been done on it to 
piove it to be practical After the thirty-second piocedure of methods 
and tests, the following plan was found to be the most practical and is 
accurate within a small amount of eiror (not more than 5 per cent ) It 
may form pait of a bile aspuation conducted for diagnostic or theia- 
peutic purposes 4 

On an empty stomach, piefeiably in the moinmg, the tip of a duo- 
denal tube is passed into the duodenum until, by fluoioscope, it is noted 
that the tip is at least 10 cm, or 4 inches, beyond the pyloius, water 
being used to assist m accomplishing this For this, to meet the vanations 
m all individuals, a longer tube length than that of most duodenal tubes 

4 As the peptone solution is ordinarily made, it contains an amorphous 
debris, and this would be confusion in an A or B fraction examined for diagnostic 
purposes, as Lyon suggests to be done with magnesium sulphate solution 
In such an instance, I advise that the peptone solution be used instead of 
the magnesium sulphate, but that the peptone solution be filtered through 
absorbent cotton Lots of 100 c c each can easily be made up, and, if sterili/cd, 
will keep well until used The magnesium sulphate solution will give pan- 
creatic results, but it is too variable to depend on, the food shock of peptone 
being a far better pancreatic stimulant If a peptone solution is used first 
and, for any reason, later followed by a solution of magnesium sulphate, nausea 
is very liable to follow Therefore, when starting with the peptone solution, 
one or several doses answer satisfactorily for the accomplishment of a complete 
“medical gallbladder aspiration” without using magnesium sulphate at all 
Usually only one dose is sufficient for a full functional return 
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is essential (tube length 1 25 meters, or 49 inches) The patient is 
then given an injection, through the tube, of 100 cc of a 5 per cent 
Witte peptone solution, and five minutes is allowed for it to pass beyond 
the duodenum, at which time the duodenal return is aspirated by a 
suction bulb through a 200 or 250 c c intervening bottle In a few 
moments, the so-called “A fraction” begins to flow and aspiration is 
continued until about 20 c c is collected, or until the B fraction starts 
The A fraction is employed m the test because this consists mostly of 
pancreatic juice and only a small amount of bile admixture The B 
fraction is from the general bile passages (not necessarily only fiom the 
gallbladder) and contains less pancreatic juice than the A, but more 
bile The C fi action is from the smaller bile radicals in the liver, and 
contains decidedly less pancreatic juice than even the B The A fraction 
represents the sudden secretion of the stored-up activity of the pancreas 
The more normal the gland, the greater the storage, and vice versa 
The storage factoi and promptitude of flow are the two factors that the 
test depends on for normal readings in addition to the enzyme quality 
of the juice secreted Since the enzymatic action of this early return 
from the duodenum may change quickly, it should be tested at once 
It will be found that the A fraction obtained in this way is strongly 
acid m reaction Amylase works well in both acid and alkaline mediums, 
but there is a slight difference in the rate depending on the intensities 
For the purpose of standardizing the test and raising the pn value to 
about 7 0, the A fraction (oi about 15 cc of it) should be rendered 
slightly alkaline with saturated solution of sodium carbonate until it 
just shows faint pink on mixtuie with a weak phenolsulphonephthalem 
solution, although m routine work this is not necessary No dilution of 
the duodenal return is made for the test, the return being taken just as 
obtained plus the few drops of alkaline solution, or without 

The method employed to test the amylase content is a modification 
of that advanced by Smith 5 for ptyalin, and rendered applicable to 
conditions met with m amylase and the admixed duodenal return The 
degree of enzyme activity measured is the quantity that will just cause 
a disappearance of 10 dm color producing substance, under conditions 
described, m 20 mg of corn starch (Duryea) contained in 5 cc solu- 
tion with a stabilized hydrogen-ion concentration corresponding to pa 6 7 
or the use of plain water, which has a />„ value of 70 and which is 
normal for duodenal enzyme activity, and with electrolytes furnished by 
the presence of 0 05 sodium chlorid The quantity of return from the 
duodenum in the A fraction that produces this result is arbitrarily 


1923 


5 Ferris, H C , Smith, E E, and Graves, E V J Am Dent A, January, 
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regarded as containing one-fiftieth unit of amylase, the unit being the 
quantity of amylase that will digest 1 gm of starch under conditions 
outlined 

TECHNIC OF TEST 

The reagents are 1 A standard starch pn 6 7 sodium chlond solu- 
tion made up as follows 

To solution a, when cool, 50 cc of solution b (as mentioned abo\e, 
plain water acts quite as well), and 25 c c of solution c and distilled 
water should be added to bring the volume of the mixture to exactl} 
400 c c This should be freshly prepared 

Solution a is corn starch solution In a beaker, 2 gm of the starch 
to 100 c c of cold distilled water should be mixed thoroughly and then 
heated Under constant stirring, this should be brought to boiling and 
then cooled 

Solution & is a standard buffer solution pn 6 7 prepaied as descubed 
b} Clarke, 6 50 c c fifth molar acid potassium phosphate and 21 cc 
fifth molar sodium hydroxid solution are accurately delivered m a 
200 c c volumetric flask, and the contents brought to the exact volume 
with distilled water 7 8 

Solution ns a 1 per cent sodium chlorid solution 

2 A twenty-fifth normal 10 dm solution, with a dropper coik m the 
bottle 

The reagent solution should be leady so that no time is lost m 
carrying out the test, because pancreatic solution is stated to lose iff 
diastatic efficiency at room temperatuie at the rate of about 25 per cent 
in the first twenty minutes after extraction, and 70 per cent m three 
hours s 

The procedure is as follows 

In each of ten tubes (6 by 0 5 inches [15 2 by 1 2 cm ] ) in a rack 
and numbered from 10 to 1, one should accurately pipet with alee 
pipet marked m hundredths, fraction A of the duodenal return, water 
and reagent as shown in the accompanying table 

6 Clark, W M Determination of Hydrogen Ions, Baltimore, Williams 
& Wilkins Company, 1920, p 70 

7 The p n of the most active pancreatic digestion is about 7 0, the pn value 
of water Thus, in the absence of the buffer solution, plain water may be 
employed, the result being practically the same 

8 This rapid rate of loss of activity has not been confirmed in my 
observations, at least not with the returns from the duodenum In many observa- 
tions, the loss up to as long as six hours was negligible m returns from the 
duodenum, whereas with alcoholic water extracts of the pancreas it is rather 
rapid Therefore, the aspirated return in the test may be examined some 
hours afterward even though it remain cold in the interval 
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Procedwe of Text 


Number oi tube 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

Duodenal return, c c 

01 

Oil 

0125 

014 

017 

0 20 

0 25 

0 33 

05 

10 

Water, e e 

09 

0 89 

0 8)5 

0 86 

0 83 

0 80 

0 75 

0 67 

05 

00 

Beagent, c c 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Units (author’s) per 100 e c 

20 

18 

lb 

14 

12 

10 

8 

6 

4 

2 


When set up, shaken and ready, the lack is put m an incubator at 
38 C or a water bath for thirty minutes The rack of tubes is then 
taken out , the contents of each tube is shaken , a drop of the twenty-fifth 
normal solution of 10 dm is added to each tube beginning with Tube 1 , 
twenty minutes time is allowed foi the changing of colors to become 
settled, and the estimation of units is made according to the furthest 
tube to the left that is achromic The result is then expressed m units 
of pancreatic enzyme efficiency No more than the one drop of 10 dm 
solution should be added because the moie the lodm, the deeper the 
colors, the less definite the comparison and the less accurate the test 
Ordinarily, the tubes having the laigest amounts of duodenal leturn 
will be green This shades down from Tube 1, becoming lighter and 
fainter to one having a colorless content The achromic tube represents 
the amount of return from the duodenum that contains one-fiftieth unit 
of amylase Generally the tube to the left of this tube shows a light 
pink oi gray and those more toward Tube 10 shade deeper into leddisli 
purple At the achromic zone, should the right tube be a sage green 
and the one to the left of it a very light pink, the achromic point would 
be between these two tubes For instance, if Tube 5 were green and 
Tube 6 pink, the units per hundred cubic centimeters would be 11 
The tube that contains the one-fiftieth unit is divided by 50, which 
gives the units per cubic centimeter The calculation used is 

Units of amylase m 1 cc duodenal return = units amylase (pan- 
creatic efficiency) per hundred cubic centimeters duodenal return 
For instance, in a test that shows achromic in the sixth tube 

1 2 

50 t 6 0 0 
5 0 

1 0 0 
1 0 0 

0 12 X 100 = pancreatic efficiency of 12 units (author’s) 

It will be noted that the test is so arranged that the result in units is 
double the number of the tube in which the reaction occurs , thus the 
sixth tube equals 12 of my units 

The test, as described, takes care of most instances of low pancreatic 
activity, and meets clinical requirements m a routine way Should no 
achromic point be present in the first tube, a greater amount of duodenal 
return may e used, and, according to the amount employed to arrive 
at the achromic point, a calculation may be made 
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The test is so anangecl that the extreme normal ranges occur between 
the fourth and the seventh tubes (fiom 8 to 14 units), giving sufficient 
tubes for errois of the gland on each side of these The average units 
in noimal persons are between 10 and 12, and, as experience multiplies, 
we find 6 units is suspiciously low (slight hypopancreoirhea) Up to 
the piesent, in even late carcinoma, marked fibrosis, or acute and sup- 
purative panel eatitis, the test, as outlined, answered for the low unit 
leadings In veiy active secretion, the dilution may be increased and 
calculated accoidmgly The vanous contents should be added to the 
tubes, beginning with Tube 10 on the left and working to Tube 1 on the 
light This rule should be carried out to the end of the test This 
preseives the proper intervals of time m the vanous additions Usually, 
not moie than ten minutes aie necessary to piepare the tubes in the 
lack, and this need not be figuied off the incubator time (thirty minutes). 



Wooden test tube rack with numbers of tubes, and, below, the amounts 
of duodenal return, reagent and water, written so they can readily be followed 
The rack is the usual form found in any laboratory, and the numbers can 
easily be attached 

Every method to estimate the enzymatic action of the duodenal con- 
tents must combine delicacy, uniformity, proportion of enzyme activity 
and accuracy of estimation Unless a method adheres to these, it is of 
little value clinically Also, it must be possible of quick performance 
or it would not be used as a routine in examination The method 
advanced is quantitatively accurate and meets every clinical requirement 
No test that does not take into consideiation the change m hydrogen-ion 
concentration incident to the action of an enzyme being met by buffer 
solution selves to much value (plain water controls this accurately 
enough) This is as important a factor as the temperature in which the 
enzyme works, 9 and this is one of the mam reasons why foimer methods 
have been of so little value 


9 Sorenson, S P L Biochem Ztschr 21 301, 1909 
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There are, no doubt, chemical and physical factors of variation in 
different persons, and in the same person at different times, which give 
diffeient results, but, in my experience, these are not much beyond the 
range of the normal set for the test Up to the present, depressing 
emotional factors, which can so readily affect the salivary and stomach 
secretions, do not seem able so definitely to depress the pancreatic and 
hepatic secretions, although, m a few instances, this has occurred The 
pancreas and biliary apparatus m the liver are moie dependent on food 
stimulation, and it is for this reason that any test that does not com- 
bine a food stimulant is of little value m clinical work Thus, the 
testing of a return from the duodenum in which a food stimulant has 
not been used is of little clinical value The peptone solution is a 
quick and abundant stimulant of the pancreas even when brought m 
contact with the mucosa well on m the third part of the duodenum 
By employing the food stimulant, we obtain the storage factor of the 
gland, and, as a pancreas is deficient m this, it is deficient m its running 
secretory function The storage factor of all gland cells during rest is 
the best index of the organ function and of its activity during the com- 
plete range of active secretion 

Argument may be presented that a test for amylase enzyme alone is 
valueless m judging the other enzymes and, in that way, the total func- 
tion of the pancreas in digestive juice Perhaps this would be true m 
very exceptional instances which up to the present time have not been met 
with in hundreds of estimations m normal and diseased panel eases 
Checking the proteolytic and lipolytic activities of duodenal return 
against the amylolytic, with the best means on hand, shows that, within 
small percentages of difference, they all run together When one is 
low, the other two aie correspondingly diminished, and when the pan- 
creas is functionating so that one is high, the other two also are high 
This is against the assumed belief, but it is clinically true There are 
two types of cells m the salivary glands and two types of cells in the 
gastric tubules, yet theie is only one enzyme secreted by each of these 
organs The pancreas, other than the spindle-shaped cells of Langer- 
hans, which probably are concerned m internal secretion, contains only 
one kind of two zoned acinous cell, and it is reasonable to assume that the 
three enzymes or proenzymes come from this cell It therefore follows 
m reason that when this cell is deficient in enzymatic power, this defi- 
ciency would be repiesented in all the enzymes instead of m one and not 
m another Argument may be presented that an enzyme content is 
dependent on demands of a diet This is true when a definite character 
of diet has been kept up for lengths of time, but the patients examined at 
the time have been on mixed meals, so this aigument does not hold, and 
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even for people who have been on a high fat, carbohydrate or protein 
diet, the other enzymes than those called in demand still have been found 
proportional in the many tests that have been made 

Enzymes are catalyzers, that is substances capable of initiating a 
reaction without entering into it integrally They are unorganized sub- 
stances, usually hydrolytic m character As a rule, they are specific 
The products of the pancreatic amylase (amylopsm) on starch are the 
dextrms, with maltose and glucose as the end products Because of the 
impossibility of preparing an enzyme and their great liability to change, 
their action can best be studied by in vivo methods Each enzyme shows 
its greatest activity at a certain temperature, the best known having an 
optimal temperature between 35 and 45 C and usually requiring a 
medium in leaction suitable for the enzyme In respect to many enzymes, 
as with inorganic catalyzers, the intensity is almost directly proportional 
to the concentration of the enzyme, and the relative concentrations aie 
directly proportional to the squares of the intensities , this is true with 
amylase, and has been provided for m the test An anticatalyzer exists 
for amylase as for other enzymes, this being a factor in the test not possi- 
ble of estimation, at this time However, it does not seem m any way to 
influence the test, probably because the function of an anticatalyzer is 
only protective to the mucosa of the intestine from autodigestion, as the 
anti-enzyme (antipepsin) m the stomach protects the stomach from 
digesting itself, and is not active outside the body From my studies, I 
believe it is possible that saliva as a digestive fluid is not absolutely 
essential noi a factor to consider in the test Its action is stopped by 
the hydrochloric acid of the stomach, and ptyalin is not active m the 
duodenum At any rate, no saliva is introduced into the duodenum, 
so this does not concern us m the test The pancreatic amylase 
(amylopsm) is much more active than ptyalin but slower to start, 
is secreted m larger quantity and is active under alkaline, acid and 
neutral reactions Pancreatic amylase will digest the raw starch of corn 
and wheat completely but potato starch only to about 80 per cent , 
therefore, corn starch is used m the test At the proper temperature 
and alkaline reaction conditions, marked starch conversion takes place 
m an hour or two Chilling of the test tubes with ice water promptly 
checks amylase activity, but its activity can be restored at 40 C , for this 
reason, it is often wise to chill the tubes before the twenty minutes 
standing 

Accompanying each dextun, a small amount of maltose and glucose 
are formed, the quantity of maltose growing gradually larger as the 
process of transformation pi ogresses As each new dextrin is formed 
from soluble starch, a portion of maltose is formed by hydrolysis — thus. 
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the sugar content is difficult of estimation Hawk graphically illustrates 
this as follows 

Starch 

Soluble starch 

I 

I 1 

Erjthrodextrm Maltose 

a— Achroodextrin Maltose 

I 

| I 

j3-Achroode\trin Maltose 

'y-Achroodextrin Maltose 

I I 

Maltose 

In addition to the foregoing, it is proved that with pancreatic amylase 
the amyloclastic tests correspond to the saccharogemc , 10 and, since they 
are simpler to perform and with less error m estimation of the amounts, 
they are to be desired in this work 

The amylase of the pancreas converts starch into dextrin more 
rapidly than the dextrin into maltose Amylopsm, however, is capable 
of dissolving and digesting very large amounts of starch Bile and 
duodenal juice do not affect the amylolytic action of pancreatic amylase, 
and if they do, m nonappreciable amounts It has been reported that 
tests made with certain extracts of the pancreas aie sometimes found 
which convert starch to dextrin with great speed, but which have little 
or no saccharifying power For this reason, some observers seem con- 
vinced that there are at least two different enzymes in amylopsm, one 
an amylase which converts starch into dextrin, and one or more dex- 
trmases which convert dextrin into maltose It has been stated that 
these two enzymes are associated, but it may happen that they exist 
separately, or the dextrmase may be destroyed, wholly or partly, leaving 
the other active As far as my obseivations have gone in returns from 
the duodenum, this is not true and need not concern us In the test, 
only the first conversion of starch is estimated With the smallest 
amounts of amylopsm secreted in a normal way from the pancreas, 
starch conversion to sugar is m steady relationship to amounts of enzyme 
and starch In the enzyme digestion of the starch solution, the opal- 
escence first disappears forming a soluble starch which gives a blue 
color with 10dm , then erythrodextrm, which gives red with 10dm , then 
the achroodextrms which give no color with 10dm A yellow denotes 
complete starch digestion in concentrated mixtures Practically, starch 
contains ten chemical compounds of sugar, but, m the hydrohzation 
this figure does not maintain m percentages of sugar production at any 

10 Sherman, H C , and Schlesinger, M D T Am Chem Soc 37 1318 
(May) 1915 
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conversion period The whole course of pancreatic starch conversion 
is in steady increasing percentages of sugai, glucose as well as maltose 

In the work with the various food elements and different tests, it 
has been pioved that when the duodenum and the stomach are empty 
there is no secietion of pancreatic juice, or it is piactically ml, and the 
flow of pancreatic juice keeps up only as long as food is coming through 
the pylorus or food is thrown into the duodenum It is true that after 
a mixed meal, from two to four hours represents the maximum quantity 
of pancreatic juice (this being the time m which the greatest amount 
leaves the stomach), but the juice at this time, in a unit, is not as 
rich in enzyme content as the initial flow, thus, this storage factor is 
taken advantage of as the standard of enzyme content of the juice and 
gland ability, rather than the later phase of secretion 

The amylase found in the feces is no doubt derived from pancreatic 
juice, but whether that in the blood and in the urine also is derived from 
it is not positively known, although there is much reason to suppose 
that it is In regard to the blood and the general body tissues, there 
is reason to assume that it gets into the general body from resorption 
into the portal blood There is now considerable evidence to believe 
that this systemic content of amylase has something to do with general 
body nutrition, although it is impossible at present to state when sub- 
nutrition of body structure exists and the blood, stool and urine contents 
of amylase are low (and this also is proved m the test from the pan- 
creas), how much is effect and how much is cause Banting and Best 
have diawn attention to the importance of Langerhans’ islands m the 
systemic combustion of sugar There no doubt are systemic effects due 
to deficiency of gland function other than that produced by products 
of the connected islands of Langerhans These are probably nutritional, 
and have been brought about by deficiency of carbohydrate conversion, 
resorption or hepatic cell storage ability Apart from these are the 
errors of digestion due to abnormalities of function m producing 
clinical symptoms in the ahmentaiy tract Much work has still to be 
done, but as far as we have gone the future will warrant the use of 
such terms as hypopancreorrhea, hyperpancreoirhea, hypochoha and 
hyperchoha 11 

The theory of Sohnsky, that acidity of gastric juice brought in 
contact with the mucous membrane of the duodenum sets up promptly 
a secretion of pancreatic juice, and the deduction from this that the 

11 One might as well be philologically accurate when coining new terms 
in medicine The new terms hypopancreorrhea and hyperpancreorrhea employed 
in this article are more expressive than hypopanchrea and hyperpanchrea 
although the latter are correct The terms hypobilia and hyperbilia are hybrid 
(hyper is Greek, bilia is Latin) thus correct Greek would be expressed in 
the terms hypochoha and hyperchoha, and these terms are recommended for use 
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acidity of the gastric juice is the means that serves to inaugurate the 
flow from the pancreas, have not been proved m my observations m 
studies on lipase This also holds good against Bayliss and Starling’s 
belief that secretion is initiated by gastric acidity Food substances, 
such as peptone and neutral oils and the starches delivered into the 
duodenum, do cause a prompt and vigorous pancreatic flow without acid 

The results m the test are sharp and somewhat like test meal extrac- 
tions of gastric juice and more important clinically The application 
of this method of examination opens up a field of interest m the most 
important of all digestive organs (the pancreas), which heretofore has 
not leceived much attention because of the impossibility of direct 
approach in examination, because proper stimulation was not employed, 
on account of the absence of a dependable clinical test, and because 
approximate m vivo methods were not employed The test has proved 
that the digestive ability of the individual and the general state of nutri- 
tion largely depends on the quality of pancreatic juice or the enzyme con- 
tent of the duodenum Hypopancreorrhea is a clinical entity of no small 
moment After critical analysis and considerable experience, I feel that 
the test deserves to become a routine of examination, and, further, 
that by its employment we are entering into a field of clinical develop- 
ment that will add distinctly to gastro-mtestmal work 

ADMIXTURE FACTOR TO FOODS 

It sometimes is desirable to learn what the admixture factor to 
foods is in the duodenum as a pait of the test A pancreatic juice 
may contain a greater or lesser amount of enzyme index than normal , 
it may be hyperfluid or diminished, and stenosis of the duct or at the 
ampulla may exist In the test outlined in the above, a juice may very 
occasionally show a low enzyme index in a unit of return, because the 
return is watery compared to normal, or it may be too high because of 
concenti ation In abnormal findings of the test described, it is well at 
times to find out what the admixtui e factor is , and, while the procedure 
about to be described has an element of erioi, it is still accurate enough 
for clinical purposes For this test, when the tip of the tube is m the 
duodenum, the patient drinks the following mixture through a glass 
tube and lies on the right side Two hundred cubic centimeters of a 
5 per cent starch solution is made up in the usual way, when cooling, 
1 8 gm of sublimed sulphur is mixed with it m a shake flask (Erlen- 
meyer), some large faceted beads being used to help in making the 
mixture uniform This mixture will hold the sulphur in uniform sus- 
pension up to the end of the test Having quite a fiat taste, the mixture 
may be flavored with a few grains of saccharin and vanillin crystals 
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Two Hopkins vaccine tubes are used m the test Tube A contains 
part of the original starch mixture and is used as a control Tube B 
contains the return fiom the duodenum Each tube is filled accurately 
to the 5 cc mark and centrifugated for about two minutes at high 
speed A wire with a slightly bobbed end is run down through the 
sulphur crystals to rearrange them, and free any bubbles or clots of 
starch that may have gotten m the small end They are then centrifu- 
gated again for a minute or two, the ciystals rearranged as before, and, 
finally, centrifugated for two minutes more The diffeience between + he 
sulphui level m the two tubes gives the admixture percentage 

Example Tube A, 5 1 spaces, Tube B, 2 5 spaces 

4 9 

5 1 1 2 S 0 0 
2 0 4 


4 6 0 
4 5 9 


100% — 49% = 51% admixture of duodenal contents 

It must be lemembered heie that water and staich do not stimulate 
bile flow, and such flow that may be in a return is tnvial Often, when 
conducting this test and bile is flowing into the duodenum, as promptly as 
the starch solution is given by mouth, it is checked It is better to conduct 
the admixture test on a subsequent day to the one for enzyme Obviously, 
with an enzyme lesult, and a highei or lower than noimal admixture 
result, the unit reading of enzymatic power would have to be expressed 
in terms of admixtuie, almost all of which is pancreatic juice The range 
of normal for admixture is from 40 to 80 per cent , with an average nor- 
mal of 58 per cent m seveial hundied instances The lengths of tune for 
the starch to appeal m the bottle is from five to fourteen minutes, with 
an average of six minutes, and the time for sufficient return for the 
tubes luns from three to twenty- five minutes, with an average of 
fourteen minutes This test may be employed to diagnose stasis oi 
obstruction m the duct of Wirsung or at the ampulla (diminished 
quantity of panel eatic juice with normal enzyme activity) This test 
is only approximately accurate 

STASIS AND OBSTRUCTION 

It may be desirable at times to have some means to diagnose stasis 
and obstruction (partial as well as complete) m the biliary ducts The 
method employed answers m this to clinical advantage Usually this 
can be assumed in the ordinary medical bile aspiration when magnesium 
sulphate or peptone solutions aie used as stimulants A prompt bile 
admixture and a quick appearance of the B fraction denotes patent ducts 
It serves the purpose at times to estimate this in a definite way, and the 
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method employed has been satisfactory for use Fat is an intense stimu- 
lant to bile flow, bile being necessary for fat digestion The patient 
is prepared as in the foregoing tests with the tip of the tube m the 
duodenum Then about 100 c c of olive oil is drunk, and the patient 
lies on the right side In a few minutes, a return is obtained, and 
10 c c of this is centrifugated in a graduated centrifuge tube Ihe 
percentage of duodenal secretion m this test, almost all of which is bile, 
in the extreme ranges met with wei e 59 to 99 per cent , 84 per cent 
being the average The lower the percentage of admixture the surer 
we may be of the existence of stasis or obstruction in the bile passages 
The bile and oil return appears from two to twenty-five minutes 
(average nine minutes), and a sufficient amount for the test in from 
seven to thirty minutes (average fourteen minutes) 

The difference between the admixture result in the starch test for 
panel eatic juice and the oil test for bile represents bile flow, which m 
the normal is approximately 35 per cent higher m the second, this 
35 per cent runs true m the low admixtures as well as in the high 
Anything below 35 per cent means eithei excess pancreatic secretion, 
too low bile secretion, or delivery (biliary stasis) This test is only 
approximately accurate 

METHODS OF STUDYING FAT DIGESTION 

My associate, Dr Lutz, and myself 12 have suggested methods of 
studying fat digestion in the human being under the micioscope If 
the duodenal tube is left m the duodenum some minutes longer (from 
ten to fifteen), the return then examined under the microscope will 
demonstrate these and give a fair idea of lipase activity existent in the 
individual, although not sufficiently accurate for clinical conclusion 
One must be careful here to neutralize the return if it is acid, or the 
changes will not be observed 

21 West Seventy-Fourth Street 

ABSTRACT OF DISCUSSION 

Dr Burrill B Crohn, New York This is an era of great interest as 
regards functional activity and functional tests Any addition to our knowledge 
on this subject, particularly in connection with so obscure an organ as the 
pancreas, is welcomed as an asset of great value The interest in pancreatic 
function really goes back to the time when Dr Emhorn first introduced the 
duodenal tube in this country Previous to that event, pancreatic functional 
tests depended on stool examinations which were more or less inaccurate, 
probably more inaccurate rather than accurate Stool examinations, as done 
ten years ago, were very inaccurate It is of interest that Dr Brown of 
Baltimore utilized to his own satisfaction the amylase test both m the stool 


12 Bassler, A, and Lutz, J R Demonstration of Human Digestion of 
Fat Under the Microscope, Am J M Sc , December, 1924 



BASSLER— DIGESTIVE PANCREATIC ACTIVITY 


175 


and m aspirated fluids from the duodenum for the purpose of studying the 
pancreatic ferments In former years, it was quite common to criticize any 
of the pancreatic quantitative tests, on the basis that no quantitative test 
of pancreatic enzymes could be accurately carried out It was pointed out 
that the presence of a considerable amount of saliva, gastric juice and biharv 
secretion so diluted the duodenal contents that no quantitative study of the 
pancreatic ferments would hold In spite of the theoretical objection that 
the presence of four or five different fluids in the duodenum makes it difficult 
to get an accurate test, those who have worked on pancreatic tests through 
aspiraion from the duodenum have convinced themselves that this method does 
give valuable information In spite of the fact that the pancreas itself furnishes 
a tremendous factor of safety, in spite of the fact that nine tenths of the 
pancreas can be destroyed without there being any physiologic evidence of 
pancreatic insufficiency, quantitative tests of the ferments in the duodenum 
are satisfactory as an index of pancreatic functional activity I should like 
to endorse what the author has said about the simplicity of the methods neces- 
sary The simpler test, such as the casein test for trypsin, the very simple 
Wolgemuth test of soluble starch and 10dm, is very easily carried out and 
give accurate data I myself found the trypsin test more accurate than the 
amylase test The former I have found to be reliable and very satisfactory 

Dr Daniel N Silverman, New Orleans Heretofore, the estimation of 
the amjdase has been performed by the estimation of the end products of 
digestion, that is, the amount of sugar converted from the starch But Dr 
Bassler’s method is an advance, in that he measures not the amount of end 
products, but the amount of duodenal product that is required to digest a 
definite quantity of mixture This represents, as we know, only a part of the 
external pancreatic function as tested in various ways I must say something 
in defense of the McClure method, which I have used ever since McClure 
advanced it, about three years ago Dr Denis of Tulane University of 
Louisiana School of Medicine and I have performed great numbers of tests 
on both normal and pathologic subjects In our examination, we have followed 
the method of McClure in estimating three of the enzymes, and I must sav 
that we have not been able to come to the same conclusion as that arrived 
at by Dr Bassler, that the standard or the strength of the amylase will 
correspond to the strength of the other two enzymes, protease and lipase 
Of course, the estimation of all these enzymes represents the external function 
of the pancreas It has been our experience that the external function of the 
pancreas may be greatly inhibited and yet there be no disease whatsoever 
In the severest case, it was our observation through histologic study to find 
that the pancreas was not involved and that the secondary disturbance was 
due to carcinoma of the liver and gallbladder In accord with McClure, it 
is our observation that cream acts as an excellent stimulant to pancreatic 
secretion We have examined fluoroscopically each and every one of our 
tubes in order to visualize definitely the position of the tube m the second 
portion of the duodenum In the study of the duodenal contents for its 
pancreatic activity, the reaction of the duodenal contents has a great deal to 
do with the results We find, in perfectly normal persons who are fasting, 
that if the duodenal contents are acid the enzymes are somewhat inhibited and 
sometimes absent We have been able to check up our results of examinations 
through use of the duuodenal tube, by means of a fistula m man We found 
that the reaction of the duodenal contents through this fistula also at times 
became acid 

Dr Anthony Bassler, New York Except to say that there is no dis- 
association between the enzymes, I desire to repeat that we checked up all 
our work with the McClure method, and the McClure method, so far as the 
estimation of trypsin and lipase is concerned, is valuable I have no criticism 
of it, but it is as complicated and difficult to perform as a blood chemistry 
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examination, and that makes its use impracticable I am now of the opinion 
that what we have called lipase as an enzyme, in all probability, does not 
exist One can accomplish every phenomenon which I have shown you on 
the screen without lipase, and simply the sodium carbonate that is in the 
normal pancreatic secretion can produce the reduction of neutral fats There 
is considerable doubt in our minds now that lipase is a ferment In surgical 
work, in the study of function in connection with intestinal digestion, in 
metabolic or nutritional estimations, and even in diabetes, we commonly get 
these hypopancreatic results, and I believe that we have gone sufficiently far 
now with the test in cases so that we can predict a lesion in the pancreas, 
such as hardening of the head in chronic gallbladder disease, and up to the 
present we have not failed We can say also, in many cases of cholecystitis 
without stone in which cholecystectomy has been done, that the symptoms m 
those persons are more due to hypopancreorrhea than to the gallbladder condi- 
tion Therefore, the field is a wide one, the usefulness of these findings is 
apparent, and again I make a plea that this test be used as a routine procedure 
which any one can do m forty minutes by simply following the schedule on 
that little rack, and I am sure that you will be as pleased as we are with 
the results accomplished 
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Foster and Whipple 1 have devised a relatively simple method for the 
clinical estimation of fibunogen In their experiments on animals, these 
investigated s have found that fibrinogen, in direct contrast to the othei 
blood proteins, vanes widely in amount, and that the production of this 
labile protein is stimulated in different degiees by difteient diseases 
Whipple concludes that the liver is the chief, if not the sole, source of 
fibrinogen, and finds that those diseases which stimulate or depress liver 
function in like mannei and in equal degree stimulate 01 depress 
fibrinogen production 

This suggested to us the possible clinical value of a more compre- 
hensive knowledge of the fibrin content of the blood m disease, especially 
in disease of the liver, and led us to undeitake a series of fibrin estima- 
tions on the blood of patients and of normal people These first observa- 
tions were reported elsewhere 2 Our fibrin studies have been continued, 
and, we shall heie leport our findings m a series of a little over 200 
persons Eighteen of these were noimal controls, and thirteen had 
definite disease of the liver 

We have prepared a few charts designed to show the fibrin content 
of the blood m a number of diseases The figures express m milhgiams 
the amount of fibrin m 100 c c of plasma 

Chart 1 shows the several determinations made on normal people It 
was intei estmg to find that the same person in health shows at all times 
a surprisingly constant blood fibrin It will be noted that while these 
values for different individuals as shown m this chart vary somewhat, 
on the whole they remain, during health, within fairly narrow limits 
The values for blood fibrin m health range from 250 mg to 400 mg per 
hundred cubic centimeters of plasma, with an average of about 330 mg 

From these studies, we gather the following impressions 

1 The figures foi each disease with a few exceptions appear to lie 
fairly close together 

2 Typhoid fever and grave anemias give low values 

1 Foster, D P, and Whipple, G H Am J Physiol 58 365 (Jan) 1922 

2 McLester, J S Diagnostic Value of Blood Fibrin Determinations with 
Special Reference to Disease of the Liver, J A M A 79 17 (July 1) 1922 
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3 All other diseases, no matter of what nature (except when accom- 
panied by great liver destruction), give increased fibrin values 

4 Increased fibrin production beais no i elation to the leukocyte 
count, for tuberculosis, chronic nephritis and myocardial disease all 
cause increased blood fibrin 



Chart 1 Normal values uniformly adhere to the base line, anemias and 
leukemias show a tendency to he below this line 


5 It is apparent that the extent and nature of the tissue injury — not 
an infecting organism is the detei mining factor a sterile turpentine 
abscess is as effective in stimulating fibrinogen production as one of 
septic origin 
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6 The highest fibrin \ alues are obtained an pneumonia and m septic 
states Following the crisis in pneumonia or the drainage of an abscess 
however, there is an immediate fall m blood fibrin 

7 Regarding the liver, one can only confirm here the obsei \ ation 
of W hippie made on experimental animals He found that injury or 



Chart 2 — The values for each disease as shown m this and the other charts 
lie fairly close together 

diseases which stimulate the liver are accompanied by increased blood 
fibrin, and that those which depress the liver or destroy a large part of 
its parenchyma lead to a very low blood fibrin It would appear that the 
liver has a good factor of safety, and that a certain amount of its sub- 
stance can be destroyed without loss of function 
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The high blood fibrin seen in one instance was found m a patient 
who had carcinoma of the stomach with a large metastatic tumor in the 
liver It is significant, however, that a preponderating amount of normal 
liver tissue remained Since carcinoma m other locations stimulates 
fibrinogen pioduction, and since this man retained a large amount of 



Chart 3 Tuberculosis always shows definitely increased fibrin 


apparently noimal liver parenchyma, this marked mciease m blood fibun 
was the logical result On the other hand, those patients with small 
cirrhotic livers give correspondingly low values 

It is especially significant that the second lowest blood fibnn of the 
entire senes was found in a patient who, at necropsy, showed extensive 
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Lhart 5 — Dots enclosed in a circle represent tuberculosis, one with a certain 
amount of cirrhosis, the other with almost complete destruction of liver sub- 
stance , G, gastric carcinoma , H, Hodgkin’s disease 
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tuberculous destiuction of the liver Very little parenchyma remained 
It is noteworthy that while tuberculosis of the peritoneum or other 
organs causes increased fibrin production, the reverse is true and a very 
low blood fibrin is found when this same process destroys a material 
amount of liver parenchyma One is tempted to generalize here and to 
conclude, therefore, that destruction of liver parenchyma leads to 
impairment of the mechanism by which the body produces fibrinogen 

conclusion 

We realize that these studies, as they stand today, do not point to 
anything of immediate diagnostic value They do show, however, cer- 
tain new and interesting facts One of these is the general fact that 
blood fibrin varies markedly m disease, and that the direction and extent 
of this deviation fiom the normal depends on the nature of the patho- 
logic process It is not unreasonable, therefore, to hope that further 
more intensive studies may reveal other facts of direct clinical 
importance 

930 South Twentieth Street 



STUDIES ON THE RESPIRATORY ORGANS IN 
HEALTH AND DISEASE 

XIV THE VITAL CAPACITY OF THE LUNGS OF 419 FIREMEN * 

J A MYERS, MD 

AND 

LeROY M A MAEDER, MD 

MINNEAPOLIS 

The vital capacity of 419 Minneapolis firemen was secured in the 
present study Of this number, 345 had been in the service of the fire 
department foi a period of time ranging from three months to thirty- 
nine years and the remaining seventy-four weie substitutes The stand- 
ing height was taken m every instance , the body weight v, as obtained 
m all but one man , the age in all but five , and the sitting height was 
secured m only 356 of the firemen The men were all on active duty 
when they weie measured No sickness, either acute or chronic, was noted 
throughout the series 

TREATMENT OF THE DATA 

Although the technical methods used in the collection of the data 
were accurate, the individual variability of the measurements taken was 
so large that the significance of the results could only be interpreted by 
the use of graphic and numencal analysis 

The order of procedure carried on in this study may be arranged m 
five groups (1) the formation of tables shotving the arithmetic aver- 
ages together with the maximum and minimum values, (2) the con- 
struction of giaphs showing the points of central tendency and the 
formation of empiric formulas by the method of weighted averages , 
(3) the calculation of the vital capacity and the computation of the 
absolute and percentage deviation of the calculated from the observed 
values, (4) the deteimmation of the weighted average absolute and 
percentage deviants, and (5) the formation of secondary tables to show 
the relatne mciease or decrease of vital capacity 

1 The Foi motion of Tables Showing the Anthmetic Averages 
Togethei with the Maximum and Minimum Values — Tables were made 
m which the vital capacity was grouped successively with the body length, 
stem length, body weight, age and the length of service Field graphs 

Presented, in part, before the medical staffs of the Lymanhurst School 
for Tuberculous Children and the Parkview Sanatorium, June 24, 1924 

From the department of internal medicine and the department of preventive 
medicine and public health, University of Minnesota Medical School 

This study was carried out with the aid of a grant from the Research 
Fund of the University of Minnesota 
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were plotted, m each instance for which the vital capacity was used for 
the ordinate and the respective linear, temporal or pondeial determina- 
tion for the abscissa When body length 01 stem length were used for 
the abscissa, the material was divided into intervals of one-half and one- 
quarter inches, respectively , when age or length of service was employed, 
the data were arranged by yearly increments, and when body weight 
lepiesented the X axis, the data ueie grouped into 5 pound (2 3 kg ) 
intervals The weighted arithmetic average was then obtained m each 
group by averaging both the X and the Y values m the respective inter- 
vals The maximum and minimum values of the vital capacity weie 
also recoi ded together with the mean 

2 The Constiuction of Graphs Showing the Points of Cential Ten- 
dency and the Foi motion of Empinc Foimidas by the Method of 
Weighted Aveiages — Giaphs were constructed showing the general 
curve of the central tendency by first plotting the average vital capacities 
From these averages, empiric formulas were obtained A general 
inspection of the field graphs and the average points led to the assump- 
tion that an expression of the cential tendency of the data could be best 
obtained by a straight line formula In order to secuie the best stiaight 
line formula, the method of averages was used The general formula 
for a straight line is expiessed by the equation Y — a -f- bX, m which 
Y and X are vanables and a and b are known constants The method 
of averages facilitates the calculation of the constants, a and b In order 
to evaluate the constants, a and b, for any given equation, the data should 
be divided into two equal parts, explained, m Lipka, 1 “place the sum of 
the residuals m each group equal to zero, i e , 

2 (, — a — be) =0 

which is equal to 2 r = na + b^c where n is the number of observations 
in the group ” In calculating the equation for vital capacity against 
standing height, for instance, the data were divided into two groups, 
each containing half the total number of cases The sum of the vital 
capacities ( 2 F) and the sum of the body length ( 2 X) were computed 
for each group of cases When these equations were solved simultane- 
ously, the values of the constants a and b were determined 

Since the numbers of cases were bunched unequally thioughout this 
senes, another step was introduced m the formation of the equations 
The averages were weighted by multiplying the mean by the number of 
cases In this manner, the significance of an average based on one or 
two cases was reduced to the same proportion as those averages calcu- 
lated from many cases 

1 Lipka Graphical and Mechanical Computation, New York, John Wiley 

& Sons, 1918, p 126 
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3 The Calculation of Vital Capacity and the Computation of the 
Absolute and the Percentage Deviations of the Calculated fioni the 
Obseived Values — After the formulas were obtained, the vital capacity 

Table 1 —Obseived, Vital Capacity of 419 Fitemcn Ranging tn Standing Height 
fiom 63 to 78 Inches (160 to 1981 cm) 


Length of Sitting 
Vital Capacitj , Service, Height, 

Standing Height, Num Cc Lears Inches 

Tnnliac hor "Rndv ■ -A- ■■ — .. s , 


Inches 

. K 

Range 

Me in 

her 

of 

Cases 

Body 

Weight, 

Pounds 

Age, 

Years 

t 

Maxi- 

mum 

Mini 

mum 

Mean 

t ' \ ^ 1 \ 

No of No of 

Oases Mean Cases Mean 

63 0-63 5 

633 

1 

139 0 

610 

3,500 

3,500 

3,500 

1 

340 

1 

33 5 

63 5-64 0 

64 0-64 5 

64 5-650 

64 5 

1 

133 0 

610 

4,000 

4,000 

3,850 

4,000 

1 

33 0 

1 

33 0 

65 0-65 5 

652 

1 

169 0 

46 0 

3,850 

3,850 

1 

210 

1 

33 3 

65 5-66 0 

658 

2 

165 0 

39 0 

3,950 

3,500 

3,725 

o 

255 

2 

33 4 

66 0-665 

662 

12 

169 8 

38 7 

4,350 

2,900 

3,692 

8 

111 

9 

34 5 

66 5-67 0 

666 

17 

163 6 

40 7 

4,600 

2,800 

3,781 

17 

13 3 

17 

34 4 

67 0-67 5 

671 

33 

169 7 

40 9 

4,800 

2,900 

3,953 

30 

14 9 

30 

34 8 

67 5-68 0 

676 

32 

1701 

37 2 

5,200 

3,200 

4,163 

27 

10 7 

27 

34 9 

6S0-68 5 

68 1 

27 

1751 

37 3 

5,750 

2,800 

4,246 

24 

11 3 

24 

35 2 

68 5-69 0 

6S6 

49 

170 6 

37 6 

5,750 

3,000 

4,332 

37 

112 

38 

35 1 

69 0-69 5 

691 

40 

169 4 

341 

5,650 

3,300 

4,639 

30 

96 

32 

35 4 

69 5-70 0 

69 6 

51 

182 2 

36 9 

5,350 

3,050 

4,459 

44 

10 9 

45 

35 7 

70 0-70 5 

701 

39 

180 6 

37 4 

5,800 

3,250 

4 484 

31 

10 4 

31 

35 9 

70 5-710 

70 6 

28 

185 5 

40 5 

5,750 

5,750 

3,500 

3,500 

4,556 

24 

15 5 

26 

356 

710-715 

71 1 

21 

185 0 

34 4 

4 70S 

14 

11 3 

15 

36 4 

715-72 0 

71 6 

18 

184 2 

32 8 

6 300 

3,600 

4,719 

13 

SO 

14 

363 

72 0-72 5 

721 

12 

188 3 

39 4 

5 600 

4,200 

4 696 

11 

11 5 

12 

36 8 

72 5-73 0 

72 6 

11 

198 0 

35 7 

5,650 

3,600 

4,741 

8 

14 0 

9 

362 

73 0-73 5 

73 0 

8 

184 3 

301 

6,250 

4,250 

5,4SS 

7 

74 

8 

359 

73 5-74 0 

73 6 

5 

222 4 

41 4 

5,650 

4,700 

5,120 

3 

16 3 

3 

37 S 

74 0-74 5 

74 0 

2 

204 5 

34 0 

5,900 

4,700 

5 300 

2 

72 

o 

37 9 

74 5-75 0 

74 6 

2 

213 5 

40 0 

5,050 

5,650 

5,650 

o 

13 0 

2 

3SS 

75 0-75 5 

75 0 

3 

208 3 

44 0 

6,150 

5,000 

5,450 

3 

16 3 

3 

37 8 

75 5-76 0 

76 0-76 5 

76 5-77 0 

76 8 

1 

225 0 

310 

4,250 

4,250 

4 250 

1 

90 

1 

377 

77 0-77 5 

773 

1 

210 0 

310 

5,100 

5,100 

5100 

1 

13 0 

1 

3S5 

77 5-78 0 

77 6 

2 

208 0 

40 0 

6,950 

5,300 

6,125 

2 

11 5 

2 

39 5 



Fig 1 Relation between average vital capacity and standing height 

was calculated at each average point The absolute deviation of the cal- 
culated from the observed value was then obtained and noted in tabular 
form The percentage which the absolute deviant formed of the 
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observed value was then determined In this way, the accuracy of the 
formula was estimated for each average \alue 

4 The Determination of the Weighted Average Absolute and Per- 
centage Deviants — The absolute and percentage deviants were weighted 
by multipl}ing them by the number of cases which the)- represented 
These weighted deviants were then averaged by first adding them 
together and then dmding b) the total number of cases The average 
weighted deviants resulting from this procedure express the accurac) 
of the formula Since all formulas were obtained in a mathematical 
manner, the weighted average deviants are a measure of the importance 
of the various factois with which vital capacity is correlated 

5 The Formation of Secondary Tables to Shozv the Relative 
Increase or Deer ease of the Vital Capacity — The values of vital capacity 
were computed at regular intervals of time, length and weight The 
absolute increments, the percentage increments and the percentage of 
the total mciements for these intervals were then determined The 
absolute increment represents the increase in cubic centimeters of the 
vital capacity' for a stated unit of time, of length or of weight A 
decrease of the vital capacity is a negative increment The percentage 
increment is calculated b) determining the precentage which the incre- 
ment for any interval forms of the absolute \alue at the beginning of 
the interval In order to determine how much of the total increase or 
decrease in vital capacity has occurred at any definite interval of length, 
weight or time, the percentage of the total increment was also calculated 

COMMENT ON RESULTS 

Vital Capacity in Relation to Standing Height — Vital capacit) 
increases at a steady rate as the body length becomes larger (Table 1, 
Chart 1), and it may be expressed by the empiric formula 

Vital capacity (cubic centimeters) = 1599 body length 
(inches) — 6,655 

The absolute vital capacit) at a bod) length of 63 inches (160 cm ) 
is 3,419 c c This rapidl) increases to 5 817 c c at a standing height of 
78 inches (1981 cm), or approximate!), 160 cc for e\er) inch of 
statuie (Table 3) 

As the standing height becomes greater, the body weight and the 
sitting height also increase m size The age and the length of service, 
however, do not i ary to any extent in the taller individuals 

The range of variability of the data is expressed m a rough wa) b) 
the maximum and minimum values (Table 1 Chart 2) Although 
these quantities show a wide variation they both increase vuth the 
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Table 2 — Observed and Calculated Vital Capacity of 419 Fncmen Ranging 
m Standing Height fiom 63 to 78 Inches (160 to 1981 cm) 


Standing Height, 

Inches 

Observed 
Mean Vital 
Oapaciti 

C e 

Calculated 

Vital 

Capncitj 

Cc 

Deviation of Calculated 
from Observed Values 

A 

Range 

Mean 

Cubic Centimeters 

Per Cent 

63 0-63 5 

633 

3 GOO 

3,467 

— 33 

— 0 94 

63 5-610 

64 0-64 5 

64 5-65 0 

64 5 

4,000 

3,639 

— 341 

— 8 53 

65 0-65 5 

65 2 

3,650 

3,770 

3,866 

— £0 

— 2 OS 

65 5-60 0 

65 S 

3,725 

4- 141 

4-3 79 

66 0-66 5 

062 

3,692 

3,930 

4- 238 

4-6 45 

66 5-67 0 

66 6 

3,781 

3,994 

4- 213 

4-5 63 

67 0-67 5 

671 

3,953 

4,074 

4- 121 

4-300 

67 5-6S 0 

67 6 

4,163 

4,154 

3,234 

— 9 

— 0 22 

OS 0-68 5 

6S1 

4,246 

— 12 

— 0 28 

68 5-69 0 

6S6 

4 332 

4 314 

— 18 

— 0 42 

69 0-69 5 

691 

4 039 

4,394 

— 215 

— 5 r S 

69 5-70 0 

69 6 

4,459 

4,474 

4- 15 

4-034 

70 0-70 5 

701 

4,484 

4 554 

+ 70 

4- 1 56 

70 5-71 0 

70 0 

1,556 

4 634 

4- 78 

4- 1 71 

710-71 5 

71 1 

4,79S 

4 714 

— 84 

— 1 75 

71 5-?2 0 

71 6 

4,719 

4,794 

-r 75 

4- 1 59 

72 0-72 5 

721 

4,690 

4,874 

-4- 178 

4- 3 79 

72 5-73 0 

72 6 

4 741 

4 954 

a- 213 

4- 4 49 

73 0-73 5 

73 0 

3 48S 

5 018 

— 470 

— 8 50 

73 5-74 0 

73 6 

5,120 

5114 

— 0 

— 012 

74 0-74 5 

74 0 

5 300 

5178 

- 122 

— 2 30 

74 5-75 0 

74 6 

5,650 

5 274 

- 370 

— 6 05 

75 0-75 5 

75 0 

5,450 

5,338 

— 112 

— 2 00 

75 5-76 C 

76 0-76 5 

76 5-77 0 

76 8 

4,250 

5,625 

-Kl>375 

4-32 35 

77 0-77 5 

77 3 

5100 

5 705 

4- 605 

4-11 SO 

77 5-78 0 

77 0 

6,125 

5,753 

— 372 

— 0 07 



Fig 2 Relation between maximum and minimum vital capacity values and 
standing height 
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growth in body length The range of variability is approximate!} from 

one eighth to one sixth of the calculated v alues on each side of the cun e 

of the central tendencv 

-/ 

The absolute and percentage deviants of the calculated from the 
observed averages (Table 2) are not unusually large except m one 
instance In this case, a dev lation of 30 per cent is due to an av erage 
based on onl} one case 


Table 3 — Changes m Calculated Vital Capacity of 419 Firemen Ranging in 
Standing Height from 63 to 7S Inches (160 to 1981 cm ) 


Standing 

Height, 

Inches 

63 

64 

65 

66 
67 
6S 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 


Calculated 
Vital Capacitv, 
Cc 
3,419 

3 5i9 
3,739 
3,893 

4 05S 
4,218 
4 378 
4,53S 
4 69S 

4 858 

5 018 
5 178 
5 338 
5,*97 
5 657 
5,817 


Increment 


Cub c Centimeters 

160 

160 

159 

160 
160 
160 
160 
160 
160 
160 
ICO 
160 

159 

160 
160 


Percentage 

4 680 
4 4U 
4 252 
4 105 
3 943 
3 793 
3 655 
3,526 
3 406 
3 294 
3189 
3 090 
2 979 
2 911 
2 S2S 


Percentage 
of Total 
Increment 

6 67 
13 34 
19 98 
26 65 
33 32 
39 09 
J6G6 
53 34 
60 01 
66 CS 
73 35 
80 02 
86 66 
93 33 
ICO 00 



Fig 3 — Relation between average vital capacity and sitting height 


The weighted average deviants of the vital capacity -standing height 
relationship are expressed m Table 16 The weighted average absolute 
dev lant is 104 1 c c , and the vv eighted average percentage deviant, 2 33 
per cent This low deviation tends to prove that a close correlation 
exists between v ital capacity and standing height, which is more accurate 
than the correlation of vital capacity 7 with any other body' measurements 
considered m this study 7 
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Table A— Observed Vital Capacity of 356 Firemen Ranging in Sitting Height 
fi om 32 to 40 Inches (812 to 1016 cm) 


Mean 

Num 






Vital Capacity 


Sitting 

her 

Standing 

Body 

Length of 

Age, 


C c 


Height, 

of 

Height, 

Weight, 

Service, 

/ 



Inches 

Oases 

Inches 

Pounds 

Years 

Years 

Maximum Minimum 

Mean 

32 00 

1 

67 5 

148 0 

250 

550 

4,475 

4,475 

4,475 

32 25 









32 50 

1 

660 

184 0 

12 0 

35 0 

3,700 

3,700 

3,700 

32 75 









33 00 

6 

67 6 

144 6 

13 4 

36 5 

4,650 

3,000 

3.9S3 

33 25 

2 

664 

157 0 

14 0 

40 5 

3,850 

3,200 

3,525 

33 50 

3 

67 3 

144 6 

210 

500 

4,300 

3,500 

4 016 

33 75 

11 

679 

169 0 

151 

41 1 

5,500 

3 500 

4,136 

34 00 

20 

6S2 

159 7 

13 0 

39 0 

5,400 

2,900 

4,025 

34 25 

17 

676 

166 6 

12 8 

41 2 

5,150 

2,900 

4100 

34 50 

21 

684 

1711 

14 7 

40 4 

5,750 

3,150 

4 057 

34 75 

18 

6S5 

167 8 

98 

370 

4,950 

3,200 

4,319 

35 00 

31 

684 

16S 8 

118 

39 6 

5,650 

3,250 

4,111 

35 25 

22 

691 

172 7 

13 7 

39 6 

5,350 

3,150 

4,405 

35 50 

36 

69 6 

179 9 

12 0 

36 8 

6,000 

2,900 

4 389 

35 75 

29 

69 0 

179 0 

97 

36 8 

5,750 

3 300 

4 546 

36 00 

32 

69 4 

179 0 

95 

33 3 

5,750 

2,900 

4,566 

36 25 

25 

701 

176 0 

10 7 

34 4 

5,500 

3,700 

4 712 

36 50 

14 

70 3 

18S 9 

94 

33 6 

6,250 

3,850 

4 929 

36 75 

14 

710 

186 9 

15 8 

42 4 

5,600 

3,500 

4,596 

37 00 

26 

712 

203 6 

12 2 

36 9 

5,800 

3,860 

4,702 

37 25 

4 

716 

190 8 

13 9 

407 

5,800 

4,150 

4 838 

37 50 

5 

716 

194 0 

13 3 

39 8 

5,400 

4,250 

4,710 

37 75 

2 

74 7 

201 5 

70 

31 5 

5 650 

4,250 

4,950 

38 00 

6 

714 

199 5 

75 

35 6 

5,700 

3,950 

4,900 

38 25 

2 

69 9 

213 5 

77 

37 0 

4,750 

4,400 

4 575 

38 50 

2 

761 

196 0 

10 0 

40 5 

5,200 

5,100 

5,150 

38 75 

2 

74 5 

195 5 

7 7 

31 5 

6,150 

5,900 

6,025 

39 00 

1 

73 5 

280 0 

90 

29 0 

4,700 

4,700 

4,700 

39 25 

1 

77 8 

195 0 

45 

34 0 

6,950 

6,950 

6,950 

39 60 

1 

74 8 

216 0 

90 

30 0 

5,650 

5,650 

5,650 

39 75 

1 

77 5 

2210 

18 5 

46 0 

5,300 

5,300 

5,300 
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Although the absolute increase in vital capacity is about 160 c c for 
each additional inch of body length (Table 3), the percentage increment 
or rate of increase per inch steadily falls fiom about 4 7 per cent 
between the body lengths from 63 to 64 inches (160 to 162 5 cm ) to 
about 2 8 per cent between 77 and 78 inches (195 6 to 198 1 cm ) 

Table 5 — Ohseived and Calculated Vital Capacity of 356 Fvemen Ranging m 
Sitting Height fi om 32 to 40 Inches (812 to 1016 cm) 


Deviation of Calculated from 


Mean 

Observed Mean 

Calculated 

Observed Values 

Sitting Height, 

Vital Capacity, 

Vital Capacity, 

/ K 


Inches 

Cc 

0 c 

Cubic Centimeters 

Per Cent 

32 00 

4,475 

3,706 

— 769 

—17 18 

32 25 





32 50 

3,700 

3,815 

+ 115 

+ 3 11 

32 75 





33 00 

3,983 

3,925 

— 58 

— 1 46 

33 25 

3,525 

3,979 

+ 454 

+12 88 

33 50 

4,016 

4 034 

+ 18 

+ 0 45 

33 75 

4,136 

4 089 

— 47 

— 1 14 

34 00 

4,025 

4,144 

+ 119 

+ 2 96 

34 25 

4,100 

4 19S 

+ 98 

+ 2 39 

34 50 

4,057 

4,253 

+ 196 

+ 4 83 

34 75 

4,319 

4,30S 

— 11 

— 0 25 

35 00 

4,111 

4,363 

+ 252 

+ 6 13 

35 25 

4,405 

4,417 

+ 12 

+ 0 27 

35 50 

4,389 

4,472 

+ 83 

+ 1 89 

35 75 

4,546 

4,527 

— 19 

— 0 42 

36 00 

4,566 

4,581 

+ 15 

+ 0 33 

36 25 

4,712 

4,636 

— 76 

— 1 61 

36 50 

4,929 

4,691 

— 238 

— 4 S3 

36 75 

4,596 

4,746 

+ 150 

+ 3 26 

37 00 

4,702 

4,800 

+ 9S 

+ 2 03 

37 25 

4,838 

4,855 

+ 17 

+ 0 35 

37 50 

4,710 

4,910 

+ 200 

+ 4 25 

37 75 

4,950 

4,964 

+ 14 

+ 0 28 

38 00 

4,900 

5,019 

+ 119 

+ 2 43 

38 25 

4,575 

5,074 

+ 499 

+10 91 

38 50 

5,150 

5,129 

— 21 

— 0 41 

38 75 

6,025 

5,183 

— 832 

—13 81 

39 00 

4,700 

5,238 

+ 538 

+11 45 

39 25 

6,950 

5,293 

—1,657 

—23 84 

39 50 

5,650 

5,348 

— 302 

— 5 35 

39 75 

5 300 

5,402 

+ 102 

+ 192 



Twenty-five per cent of the total mciease in vital capacity between 
the standing heights of 63 to 78 inches (160 to 198 1 cm ) has taken 
place at a stature of 67 inches (1702 cm), 50 per cent at a body 
length of 71 inches (180 3 cm ) and 75 per cent at 74 inches (188 cm ) 
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Vital Capacity in Relation to Sitting Height — Vital capacity pro- 
gresses at a steady rate in unison with an increase m sitting height 
(Table 4, Chart 3) The growth of vital capacity in terms of stem 
length may be expressed by the empiric foimula 

Vital capacity (cubic centimeters) =218 9 body length (inches) — 
3,299 


Table 6— Changes m Calculated Vital Capacity of 356 Fucmen Ranging in 
Sitting Height fiom 32 to 40 Inches (812 to 1016 cm) 


Sitting 

Calculated 


Increment 

Percentage 

Height, 

Vital Capaciti , 

r ' 


^ 

of Total 

Inches 

Oc 

Cubic Centimeters 

Percentage 

Increment 

32 

3,706 





33 

3,925 

219 


5 909 

12 51 

34 

4,144 

219 


5 580 

25 01 

35 

4,363 

219 


5 2S5 

37 52 

36 

4.5S1 

21S 


4 997 

49 97 

37 

4 SOv 

210 


4 781 

62 48 

38 

5,019 

219 


4 562 

74 99 

39 

5 238 

219 


4 303 

87 49 

40 

5,457 

219 


4 181 

100 00 



Fig 6 Relation between ma nmum and minimum vital capacity i allies 
and age 

The absolute vital capacity glows steadily largei fiom 3,706 c c at 
32 inches (81 2 cm ) sitting height to 5,457 c c at 40 inches (101 6 cm ) 
— an increase of 219 c c per inch (Table 6) 

As the stem length increases, the bod}* weight and the standing height 
likewise grow laiger Age and length of service, however, aie practically 
unchanged as the sitting height becomes longer 
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Table 7 — Obscived Vital Capacity of 414 Fit emeu Ranging in Age fiom 21 

to 65 Years 


Vital Capacity Length of Service, Sitting Height, 



Num 

bsr 

Body 

Rtnnrlfn p 


Cc 

* 


Years 

A. 

Inches 



Age, 

of 

Weight, 

Height, 

Maxi- 

Mini- 


Ko of 

> 

Ho Of 


Years 

Cases 

Pounds 

Inches 

mum 

mum 

Mean 

Cases 

Mean 

Cases 

Mean 

21 

1 

149 0 

70 3 

4,950 

4,950 

4,950 

1 

10 

1 

36 7 

22 

2 

169 0 

72 0 

5,000 

4,400 

5,000 

1 

03 

2 

361 

23 

2 

138 0 

72 0 

5,450 

4 250 

4 850 



o 

310 

24 

3 

166 3 

69 4 

5,250 

4,200 

4,867 



3 

35 8 

25 

8 

158 8 

691 

5,800 

1600 

5,125 

5 

4 5 

5 

3G1 

26 

21 

173 3 

69 5 

6,250 

3,700 

4,874 

18 

4 6 

18 

35 0 

27 

19 

1781 

69 8 

5,750 

4,200 

4,743 

16 

4 9 

17 

35 7 

28 

27 

171 9 

69 5 

5,650 

3,200 

4,706 

21 

51 

22 

313 

29 

28 

178 3 

69 7 

0 200 

3,550 

4,671 

24 

54 

24 

3G0 

30 

26 

17S 7 

69 7 

5,900 

3,050 

4,735 

21 

57 

22 

35 9 

31 

14 

182 0 

70S 

5,200 

4,000 

4,564 

14 

4 9 

14 

35 5 

32 

24 

183 4 

69 9 

6,300 

2,800 

4,693 

14 

65 

14 

35 8 

33 

18 

172 5 

68 7 

6,150 

3,200 

4 542 

15 

62 

16 

35 7 

34 

15 

173 0 

69 9 

6,950 

3,600 

4,590 

14 

63 

14 

35 8 

35 

26 

172 9 

6S8 

5,400 

3,200 

4,343 

21 

90 

22 

35 2 

36 

11 

176 2 

69 2 

5,100 

3,500 

4 336 

10 

80 

10 

35 0 

37 

11 

178 5 

69 4 

6,000 

3,058 

4,473 

7 

75 

7 

35 3 

38 

10 

186 5 

69 4 

5,400 

3 800 

4,283 

9 

12 1 

9 

35 7 

39 

3 

1710 

72 1 

o,200 

4,100 

4,800 

2 

13 5 

o 

37 0 

40 

6 

178 5 

691 

5,100 

3,750 

4.40S 

6 

13 5 

6 

36 0 

41 

6 

204 6 

687 

5,200 

3,700 

4,283 

6 

13 3 

6 

358 

42 

11 

179 7 

69 5 

5 200 

3,250 

4,150 

10 

141 

10 

35 7 

43 

8 

158 6 

684 

4,800 

3,250 

4,014 

7 

17 0 

7 

352 

44 

10 

183 9 

6S3 

4,650 

2,900 

3,890 

9 

17 8 

9 

35 2 

45 

6 

206 7 

69 7 

5,000 

3,500 

4,383 

4 

14 8 

4 

36 7 

46 

10 

215 2 

69 9 

5,300 

3,600 

4,482 

S 

17 9 

S 

358 

47 

5 

188 6 

69 6 

4,650 

3 400 

3,920 

5 

14 7 

5 

35 7 

48 

9 

180 2 

69 8 

5,000 

2,900 

4,189 

8 

18 8 

8 

35 6 

49 

5 

176 6 

68 9 

4,150 

3,200 

3,770 

2 

18 8 

2 

34 7 

50 

10 

195 4 

691 

5,650 

3,150 

3,950 

9 

18 9 

9 

35 6 

51 

10 

183 3 

69 5 

4,600 

3,150 

4,105 

9 

22 3 

9 

35 6 

52 

7 

1721 

686 

4,750 

3,250 

3,971 

7 

256 

7 

34 9 

53 

6 

1712 

69 3 

4,600 

2,800 

3,908 

5 

22 4 

5 

35 0 

54 

2 

219 0 

710 

5,550 

4,100 

4,825 

2 

220 

2 

36 0 

55 

4 

178 0 

6S1 

4 475 

2,900 

3,819 

3 

24 0 

3 

33 S 

56 

5 

1712 

69 0 

4,500 

3,500 

4,010 

5 

29 2 

5 

35 3 

57 

4 

187 8 

70 1 

5,000 

3,500 

4,112 

4 

24 5 

4 

35 (. 

58 

3 

167 0 

09 7 

4 800 

3,800 

4,350 

o 

16 4 

2 

35 1 

59 

5 

185 4 

69 0 

4,250 

2,900 

3,780 

5 

316 

5 

35 4 

60 

2 

167 0 

09 4 

3,500 

3,500 

3,500 

2 

28 5 

2 

36 4 

61 

4 

164 8 

66 7 

4 000 

3,500 

3,750 

3 

317 

3 

34 1 

62 

3 

184 3 

69 2 

4,150 

3,600 

3,933 

3 

32 3 

3 

35 4 

63 

3 

195 7 

701 

3,600 

3,500 

3,567 

3 

35 0 

3 

34 7 

(hi 

65 

1 

202 0 

660 

2,900 

2,900 

2,900 

1 

24 0 

1 

34 1 



Fig 7— Relation between average vital capacity and body weight 
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The range of variability, as shown by the maximum and the minimum 
values (Table 4, Chart 4), shows a wide variation Both the maximum 
and minimum values increase with a growth in the stem length The 
range of variability is about one eighth to one sixth of the calculated 
values on both sides of the central tendency curve 

The absolute and percentage deviations of the calculated from the 
observed averages are shown in Table 5 In the case of six average 
points m this table, the percentage deviations are more than 10 per cent 
In all of them, however, the cases from which the averages were obtained 
numbered only one or two 

The weighted average deviants of the vital capacity-stem length 
formula are expressed in Table 16 The weighted average absolute 
deviant is 112 8 cc and the weighted average percentage deviant, 2 53 
per cent , this shows a close correlation between vital capacity and stem 
length It was not possible, however, to fit the data quite so closely to 
the empiric formula as in the case of the body length 

The percentage increment or the rate of increase in the vital capacity 
grows steadily less as the stem length becomes longer (Table 6) The 
percentage increment is about 5 9 per cent between a sitting height of 
from 32 to 33 inches (81 2 to 82 8 cm ) and falls to 4 2 per cent between 
39 and 40 inches (98 5 and 101 6 cm ) 

Twenty-five per cent of the total increase in vital capacity between 
the stem length from 32 to 40 inches (81 2 to 101 6 cm ) occurs at a 
sitting height of 34 inches (86 cm ), 50 per cent at a height of 36 inches 
(91 4 cm ) and 75 per cent at 38 inches (96 4 cm ) 

Vital Capacity in Relation to Age — Vital capacity decreases steadily 
as the age of an individual becomes greater (Table 7, Chart 5) It may 
be expressed by the empiric formula 

Vital capacity (cubic centimeters) = 5,725 — 3446 times age 
(years) 

The absolute vital capacity decreases steadily from 5,036 cc at 
20 years to 3,485 c c at 65 years, or approximately 172 c c every five 
years (Table 9) 

As tbe age becomes greater, the standing and the sitting heights of 
the individuals in this series remains about the same Vital capacity 
increases very rapidly with standing height and stem length On the 
other hand, it decreases with advancing age Since the relationship 
between standing height or sitting height and age remains practically 
unchanged, at least two factors must influence the vital capacity (1) 
the growth of the lungs, and (2) the loss in elasticity of the alveolar 
walls The increase of vital capacity in relation to a growth in body 
length and stem length is undoubtedly due to an actual growth of the 
lung while the decline of vital capacity with age is due m all probability 
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Table 8 — Observed and Calculated Vital Capacity of 414 Firemen Ranging 

in Age from 21 to 65 Years 


Deviation of Calculated from 



Observed Mean 

Calculated 

Observed Values 

Mean Age, 

Vital Capacity, 

Vital Capacity, 

A 

t 


Tears 

Cc 

Cc 

Cubic Centimeters 

Per Cent 

21 

4 950 

5,001 3 

J- 51 3 

J- 104 

22 

5,000 

4,966 9 

— 331 

— 066 

23 

4,850 

4,932 4 

- 824 

- 1 70 

24 

4,867 

4,S9S 0 

- 31 0 

- 0 64 

25 

5125 

4,863 5 

—261 5 

— 510 

26 

4,874 

4,829 0 

— 45 0 

— 0 92 

2/ 

4,743 

4,794 6 

— 51 6 

-r 100 

28 

4,706 

4,7601 

- 54 1 

J- 1 15 

29 

4 671 

4,725 7 

A 54 7 

- 1 17 

30 

4,735 

4,691 2 

— 43 8 

— 093 

31 

4,564 

4,656 7 

- 92 7 

- 2 03 

32 

4 693 

4,622 3 

— 70 7 

— 1 51 

33 

4,542 

4.5S7 8 

- 1 - 458 

- 1 01 

34 

4,590 

4,553 4 

— 366 

— 080 

35 

4,343 

4,518 9 

-175 9 

a- 405 

36 

4,336 

4,484 4 

-148 4 

- 1 - 3 42 

37 

4,473 

4,450 0 

— 23 0 

— 0 51 

38 

4,285 

4,415 5 

-130 5 

a- 3 05 

39 

4,800 

4,3811 

—418 9 

— 8 73 

40 

4 40S 

4,346 6 

— 614 

— 1 39 

41 

4 283 

4,312 1 

- 291 

- 068 

42 

4,150 

4 277 7 

-127 7 

a- 30S 

43 

4,044 

4 243 2 

-199 2 

- 492 

44 

3,890 

4.20SS 

-318 8 

+ 8 20 

45 

4,383 

4,174 3 

—208 7 

— 4 76 

46 

4,482 

4,139 8 

—342 2 

— 7 63 

47 

3,920 

4,105 4 

-185 4 

- 473 

48 

4,189 

4,070 9 

—1181 

— 282 

49 

3,770 

4,036 5 

—266 5 

7 07 

50 

3,950 

4 002 0 

- 52 0 

u- 132 

51 

4,105 

3,967 5 

—137 5 

— 335 

52 

3 971 

3 9331 

— 37 9 

— 0 95 

53 

3, 90S 

3,S9S 6 

— 94 

— 0 24 

54 

4 825 

3,864 2 

—960 8 

—19 91 

55 

3,819 

3,829 7 

- 10 7 

+ 0 28 

56 

4 010 

3 795 2 

—214 8 

— 5 36 

57 

4,112 

3,760 8 

—3512 

— 854 

58 

4 350 

3,726 3 

—623 7 

—14 34 

59 

3 780 

3,6919 

— 881 

— 2 33 

60 

3 500 

3 657 4 

u-157 4 

- 4 48 

61 

3 750 

3,622 9 

— 127 1 

— 3 39 

62 

3,933 

3,5SS 5 

—344 5 

— 8 76 

63 

3,567 

3,554 0 

— 13 0 

— 0 36 

64 


3,519 6 



65 

2,900 

3,4851 

—5851 

+20 IS 


Table 9 — Changes m Calculated Vital Capacity of 414 Firemen Ranging m 

Age from 20 to 65 Years 



Calculated 

Decrement 

Percentage 

Age, 

Vital Capacity, 

f 

^ 

of Total 

Tears 

C c 

Cubic Centimeters 

Percentage 

Decrease 

20 

5 036 




25 

4864 

—172 

—3 415 

-J- 1109 

30 

4 691 

—173 

— 3 5o< 

- 22 24 

35 

4,519 

—172 

—3 667 

u- 33 33 

40 

4 347 

—172 

—3 806 

- 44 42 

45 

4,174 

—173 

—3 980 

— 55 5S 

50 

4,002 

—172 

—4121 

-i- 6CG7 

55 

3,830 

—172 

— 4 29S 

— 77 75 

60 

3,657 

—173 

— 1 517 

u- 88 91 

65 

3,485 

—172 

—4 703 

-100 00 
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to the loss of elasticity in the walls of the alveoli With these facts in 
mind, it is possible to predict that the tall youth will have the greatest 
vital capacity while the old man who is short of statui e will have the 
least 

When body weight is averaged by years, no definite relationship 
between weight and age is apparent If, however, the length of service 
m the fire department is related to age, a very definite correlation is 
obtained, the length of service increasing strikingly with advanced age 



Fig 8 — Relation between maximum and minimum capacity values and bodj 
weight 

The range of variability as shown by the maximum and minimum 
values (Table 7 and Chart 6) shows wide vanation This variability 
ranges from about two fifths to one tenth of the calculated values on 
both sides of the central tendency curve 

The absolute and peicentage deviations of the calculated from the 
observed averages are listed m Table 8 In only two instances were the 
percentage deviants more than 10 per cent , one average representing 
three cases and the other two 

The weighted average deviants of the vital capacity-age formula 
are given m Table 16 The weighted aveiage absolute deviant is 
116 2 cc and the weighted average percentage deviant, 2 69 per cent 
The empiric formula, therefore, is practically as accurate as it was for 
body length and for stem length 
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The percentage increment for five year periods grows steadily gi eater 
as the age increases (Table 9) The percentage increment is about 
3 4 per cent between 20 and 25 years and becomes 4 7 pei cent between 
60 and 65 years 

A third of the total decrease in vital capacity during the age mteivals 
of 20 to 65 years occurs by 35 years and two-thirds by 50 years 

Vital Capacity m Relation to Body Weight — Vital capacity is prac- 
tically unaffected by an increase of body weight (Table 10 and Chart 7) 
There is a very slight rise in vital capacity with increasing weight, 
although the increase is so small that it falls within the margin of erior 
The vital capacity-body weight relationship can be expressed by the 
formula 

Vital capacity (cubic centimeters) = 0 46 times body weight 
(pounds) + 4,350 



Fig 9 — Relation between average vital capacity decrease and length of 
service in the fire department 

The absolute vital capacity increases steadily but very slightly from 
4,405 cc at 120 pounds (54 4 kg ) of body weight to 4,479 cc at 280 
pounds (127 kg ) — a total increase of 74 c c and an absolute increase of 
only 4 6 c c for every 10 pounds (4 5 kg ) of body weight 

As the body weight becomes heavier, the standing and sitting height 
becomes longer The vital capacity, however, does not follow the 
advance m weight even though it is accompanied by an increase m the 
standing and sitting height This is probably due to the fact that lung 
growth accompanies the growth of the body in length Increase m body 
weight, however, above the age of 21, is brought about to a large degree 
by subcutaneous and visceral fat deposits The lung receives none of 
this additional weight, and, consequently, the vital capacity remains 
practically the same even when the body weight increases 

There is no constant relationship between body weight and age in 
this small series of cases 
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Table 10 — Observed Vital Capacity of 418 Fvemen Ranging m Body Weight 
from 125 to 285 Pounds (56 7 to 129 3 kg) 


Body 
Weight, 
Pounds 
, » 

Num 
ber 
-n of 

Standing 

Height, 


Vital Capacity, 

Cc 

A 

Length of 
Service, 
Years 

K 

Sitting 

Height, 

Inches 

A 

Age, 

t 

Maxi- 

Mini 


No of 


No of 

1 

Range 

Mean 

Cases 

Inches 

Tears 

mum 

mum 

Mean 

Cases 

Mean 

Cases 

Mean 

125-130 

129 0 

1 

67 0 

35 0 

4 250 

4 250 

4,250 

1 

12 0 

1 

33 8 

130-135 

132 7 

6 

67 6 

382 

5 400 

3,900 

4,25S 

6 

16 0 

6 

33 8 

135-140 

137 3 

9 

67 5 

42 7 

4 350 

2,900 

3,767 

8 

16 4 

8 

34 3 

140-145 

141 6 

10 

67 9 

35 9 

5,500 

3 600 

4,450 

8 

111 

9 

34 8 

145-150 

146 6 

21 

6S3 

361 

5,450 

3,200 

4,268 

19 

10 5 

19 

34 7 

150-155 

1521 

32 

688 

34 7 

5,750 

3,000 

4,365 

23 

10 8 

23 

351 

155-160 

156 5 

28 

68 9 

34 4 

5,400 

3,650 

4,504 

22 

89 

25 

35 2 

160-165 

1618 

31 

691 

34 1 

5,800 

3,200 

4,603 

29 

87 

29 

35 4 

165-170 

166 5 

30 

69 5 

37 0 

5,900 

3,200 

4,573 

26 

10 4 

27 

35 2 

170-175 

171 8 

47 

69 3 

3S8 

5,750 

3,150 

4,415 

40 

13 1 

41 

35 5 

175-180 

177 0 

24 

69 4 

42 0 

5,650 

2,800 

4,306 

21 

13 4 

21 

356 

180-185 

182 2 

24 

69 7 

34 7 

6 300 

3,500 

4,548 

19 

97 

19 

35 5 

185-190 

186 3 

21 

69 S 

35 6 

6,250 

3,200 

4,607 

19 

12 0 

18 

35 9 

190-195 

1914 

32 

69 2 

40 4 

5,400 

2,900 

4,245 

24 

13 S 

24 

35 7 

195-200 

1961 

18 

71 0 

346 

6,950 

3,050 

4,485 

15 

92 

15 

362 

200-205 

2013 

16 

69 3 

41 5 

5,350 

2 900 

4,169 

13 

14 5 

13 

35 6 

205-210 

206 4 

11 

69 8 

375 

5,700 

3,500 

3,500 

4,341 

9 

10 6 

9 

36 4 

210-215 

210 9 

11 

712 

42 0 

5,650 

4,450 

10 

14 2 

10 

37 0 

215-220 

216 8 

14 

70 3 

356 

5 650 

3,300 

4,543 

11 

11 8 

12 

365 

220-225 

221 7 

9 

712 

37 8 

5 500 

4,000 

4 672 

5 

161 

5 

36 9 

225-230 

226 0 

9 

71 3 

41 9 

6,150 

3,300 

4,194 

8 

151 

9 

364 

230-235 

232 6 

5 

693 

36 2 

5,750 

2,800 

4,440 

4 

11 0 

4 

36 3 

235-240 

237 3 

3 

70 8 

44 3 

5,200 

3,850 

4,417 

3 

15 3 

3 

369 

240-245 

240 0 

2 

721 

36 5 

4,700 

4,525 

4,613 

2 

110 

2 

35 8 

245-250 

249 0 

1 

71 0 

440 

4 650 

4,650 

4,650 

1 

24 0 

1 

37 0 

250-255 

255-260 

250 0 

1 

73 0 

34 0 

5,600 

5,600 

5,000 

1 

12 5 

1 

37 0 

260-265 

265-270 

270-275 

275-280 

264 0 

1 

73 5 

540 

5,550 

5,550 

5,550 

1 

12 0 

1 

37 0 

280-285 

280 0 

1 

73 5 

29 0 

4,700 

4,700 

4,700 

1 

90 

1 

390 


Table 11 — Obscivcd and Calculated Vital Capacity of 418 Fvemen Ranging in 
Body Weight fiom 125 to 285 Pounds (56 7 to 1293 kg ) 


Body Weight, 

Pounds 

A ... 

Observed 
Mean Vital 
Capacitj, 
Cc 

Range 

Mean 

125-130 

129 0 

4,250 

130-135 

132 7 

4 258 

135-140 

137 3 

3 707 

140-145 

141 0 

4,450 

145-150 

146 6 

4 268 

150-155 

152 1 

4,365 

155-160 

156 5 

4,504 

160-165 

161 8 

4,603 

165-170 

166 5 

4,573 

170-175 

171 8 

4,415 

175-180 

177 0 

4,306 

180-185 

182 0 

4 548 

185-190 

186 3 

4,807 

190-195 

191 4 

4,245 

195-200 

1961 

4 485 

200-205 

201 3 

4,169 

205-210 

206 4 

4,341 

210-215 

210 9 

4 450 

215-220 

216 8 

4,543 

220-225 

22i 7 

4 672 

225-230 

226 0 

4,194 

230-235 

232 0 

4 440 

235-240 

237 3 

4 417 

240-245 

240 0 

4,613 

245-250 

249 0 

4 650 

250-255 

250 0 

5 600 

255-260 

260-265 

264 0 

5,550 

265-270 

270-275 

275-280 

280-285 

280 0 

4,700 


Calculated Deviation of Calculated 

Vital from Observed Values 

Capacitj, r~ * 


C c 

Cubic Centimeters 

Per Cent 

4 409 

+ 159 

+ 3 74 

4,411 

+ 153 

+ 3 59 

4,413 

+ 616 

+1715 

4,415 

— 35 

— 0 79 

4 417 

+ 149 

+ 3 49 

4,420 

+ 55 

+ 1 26 

4 422 

— 82 

— 1 82 

4,424 

— 179 

— 389 

4,427 

— 146 

— 319 

4,429 

+ 14 

+ 0 32 

4,431 

+ 125 

+ 290 

4,434 

— 114 

— 2 51 

4,436 

— 371 

— 7 72 

4,43S 

+ 193 

+ 4 55 

4,440 

— 45 

— 100 

4,443 

+ 274 

+ 657 

4,445 

+ 104 

+ 2 40 

4,447 

— 3 

— 0 07 

4,450 

— 93 

— 2 05 

4 452 

— 220 

— 4 71 

4,454 

+ 260 

+ 6 20 

4,457 

+ 17 

+ 0 38 

4,459 

+ 42 

+ 0 95 

4,400 

— 153 

— 3 12 

4,464 

— 186 

— 4 00 

4,465 

—1,135 

—20 27 

4,471 

— 79 

— 1 42 


4 479 — 221 — 4 70 
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The range of variability as shown by the maximum and the minimum 
values (Table 10 and Chart 8) is very large, reaching about from one 
quaiter to one half of the calculated values on each side of the central 
tendency curve 

The absolute and peicentage deviations of the calculated from the 
obseived aveiages aie shown m Table 11 In only two of the averages 
are the percentage deviants more than 10 per cent , one average repre- 
senting only one case and the other nine 

The weighted aveiage deviants of the vital capacity-length of 
formula are lecorded in Table 16 The weighted average absolute 
deviant is 1,403, and the weighted average peicentage deviant, 3 19 per 


Table 12 — Changes m Calculated Vital Capacity of 41S Fticmen Ranging in 
Body Weight from 120 to 280 Pounds (54 4 to 127 kg) 


Body 

Calculated 

Inclement 


Percent lge 

Weight, 

Vital Capacity, 

/ 


N 

ol Total 

Pounds 

C c 

Cubic Centimeteis 

Percentage 


Increment 

120 

4,405 2 





130 

4,409 8 

4 6 

01044 


6 25 

140 

4,414 4 

4 6 

0 1043 


12 50 ' 

150 

4 419 0 

46 

01042 


IS 75 

160 

4 423 G 

46 

01041 


25 00 

170 

4,428 2 

4 6 

01040 


31 25 

180 

4,432 8 

46 

01039 


37 50 

190 

4,437 4 

4 6 

01038 


43 75 

200 

4,442 0 

4 6 

01037 


50 00 

210 

4 446 6 

4 6 

0 1036 


56 25 

220 

4,451 2 

46 

01034 


02 50 

130 

4,455 8 

46 

01033 


68 75 

240 

4,460 4 

4 6 

01032 


75 00 

250 

4,465 0 

46 

0 1031 


£1 25 

260 

4 469 6 

4 6 

01030 


Si 50 

270 

4 474 2 

4 6 

01029 


>3 75 

280 

4,478 8 

4 6 

0102S 


100 00 


cent This signifies that it is not possible to fit the formula of vital 
capacity-body weight quite as closely as m the c?se of body length, 
stem length or age The relation is still within bounds of compaiative 
accuracy, however, and the formula probably expresses a true though 
slight mciease in vital capacity when it is related to body weight 

The percentage inclement (Table 12) deci eases almost impreceptibly 
because the absolute inclement of body weight is only 46 cc per 10 
pounds (4 5 kg ) 

Twenty-five per cent of the total mciease in vital capacity between 
120 and 280 pounds (54 4 and 127 kg) of body weight has occurred 
at a body weight of 160 pounds (72 6 kg ), 50 per cent at a weight of 
200 pounds (90 7 kg ), and 75 per cent at 240 pounds (108 8 kg ) 

Vital Capacity m Relation to the Length of Seivice in the Fve 
Depot tment — Vital capacity steadily declines as the length of the service 
increases (Table 13 and Chart 9) The decrease in vital capacit} m 
terms of years of service may be expiessed by the empiric formula 
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Vital capacity (cubic centimeters) = 4,840 — 34 84 times length of 
service (years) 

The absolute vital capacity decreases steadily from 4,840 c c at the 
entrance to the fire department to 3,446 c c at the close of forty years 
of service, a decline of 174 cc every five years (Table 15) 

Table 1 3— Observed Vital Capacity of 345 Fvemen Ranging in Length of 

Seivice up to Foity Years 


Length of Service, Vital Capacity, 

Tears Number Standing Sitting Body O c 

a rt-f T-Tm rrt-if TTfiio-lit Aero Womlit. „ . — 


Range 

—A- — 

Mean 

Of 

Cases 

Height, 

Inches 

Height, 

Inches 

Age, 

Tears 

Weight, 

Pounds 

A 

Maximum Minimum 

Mean 

O- 1 

03 

1 

718 

35 5 

22 0 

150 0 

4,400 

4,400 

4,400 

1- 2 

10 

10 

69 9 

35 9 

32 9 

1751 

6,000 

3,500 

4 538 

2- 3 

22 

5 

69 4 

34 7 

32 0 

174 8 

5,750 

4,100 

4 560 

3- 4 

3 1 

4 

685 

35 3 

30 5 

154 0 

5,000 

3,650 

4,362 

4- 5 

44 

70 

691 

35 6 

291 

173 7 

6,950 

3,200 

4 662 

5- 6 

50 

46 

69 7 

357 

29 5 

175 4 

6,200 

3 200 

4,778 

6- 7 

60 

6 

70 2 

36 0 

31 0 

1845 

5,200 

3,050 

4 425 

7- 8 

70 

8 

69 8 

35 7 

316 

159 4 

5,700 

3,200 

4,575 

8- 9 

80 

11 

69 9 

35 6 

31 5 

179 2 

5,500 

4 050 

4,564 

P-10 

90 

17 

70 4 

35 8 

32 2 

188 2 

5,800 

3,600 

4,762 

10-11 

10 0 

9 

6S6 

351 

38 3 

176 9 

5,200 

3,250 

4,106 

11-12 

110 

13 

69 7 

36 3 

369 

187 2 

0,150 

3 750 

4,592 

12-13 

121 

16 

69 1 

351 

37 6 

182 8 

5,000 

3 300 

4,602 

13-14 

13 0 

11 

70 0 

35 9 

41 5 

177 5 

5,400 

2900 

4,223 

14-15 

14 0 

13 

686 

351 

41 6 

171 4 

5,200 

3,000 

4,173 

15-10 

15 0 

7 

70 2 

35 9 

42 9 

1891 

5,400 

3,700 

4,500 

16-17 

16 0 

8 

69 8 

36 2 

45 3 

1910 

5,100 

2,900 

4,119 

17-18 

17 0 

7 

691 

35 3 

48 0 

167 8 

5,650 

3 200 

4,143 

18-19 

181 

8 

69 2 

35 4 

44 5 

182 5 

5,300 

3,150 

4 238 

19-20 

191 

9 

68 4 

351 

49 7 

170 5 

4,450 

3,200 

3,789 

20-21 

20 0 

9 

70 8 

36 0 

48 2 

193 0 

5 550 

3,400 

4,567 

21-22 

210 

4 

687 

358 

46 2 

185 5 

4,600 

3,050 

4,150 

22-23 

222 

7 

70 4 

35 7 

51 9 

183 0 

4 800 

3,600 

4,119 

23-24 

23 0 

3 

6S1 

35 3 

49 0 

183 0 

3,800 

3,150 

3,483 

24-25 

24 0 

4 

68 9 

35 5 

560 

199 8 

4,050 

2900 

3 912 

25-26 

250 

1 

67 5 

32 0 

55,0 

148 0 

4,475 

4,475 

4 475 

26-27 

26 0 

2 

68 4 

351 

50 5 

207 5 

3,050 

3,300 

3,475 

27-28 

27 0 

4 

691 

35 8 

57 0 

179 0 

4,400 

4 050 

4 225 

28-29 

28 0 

0 

63 7 

351 

57 0 

18S5 

4,400 

3,500 

3,707 

29-30 

29 0 

6 

69 5 

356 

53 0 

107 3 

4,900 

3,250 

3,900 

30-31 

30 0 

6 

6S8 

34 5 

55 7 

184 8 

4,800 

2 800 

3 958 

31-32 

310 

4 

69 9 

352 

59 3 

1810 

5,000 

2,900 

3,750 

32-33 

32 0 

2 

682 

35 4 

55 5 

170 5 

4 250 

3,900 

4,075 

33-34 

330 

1 

67 3 

36 0 

59 0 

177 0 

2,900 

2 9C0 

2 900 

34-35 

34 0 

1 

63 3 

33 5 

61 0 

139 0 

3 500 

3,500 

3 500 

35-36 

35 0 

2 

67 4 

34 S 

57 5 

173 0 

3,900 

3,850 

3,S75 

36- 37 

37- 38 

37 0 

1 

645 

33 0 

610 

133 0 

4,000 

4,000 

4 000 

38-39 

380 

1 

70 7 

33 S 

63 0 

I86 0 

3,600 

3,600 

3 600 

39-40 

39 0 

2 

71 5 

35 4 

62 5 

1910 

4,150 

3,000 

3 875 


As the length of service increases, so also does the age In fact, 
the decline in vital capacity is undoubtedly due to the advancing age 
rather than to the length of service 

The body weight, body length and stem length remain practically 
the same throughout the entire length of service 

The range of variability, as shown by the maximum and the mini- 
mum values (Table 13 and Chart 10) varies between one third and 
one fourth of the calculated values on each side of the curve of central 
tendency 
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Fig 10 — Relation between maximum and minimum vital capacity "values and 
length of service in the fire department 


Table 14 — Obseived and Calculated Vital Capacity of 345 Fvemen Ranging 


in Length of Seivice up to Foity Years 


Length of Service, 


Observed 

Calculated 

Deviation of 

Obsen ed 


Years 



Mean Vital 

Vital 

from Calculated Values 





Capacitj, 

Capacity, 









Range 


Mean 


Cc 

C c 

Cubic Centimeters 

Per Cent 

0- 1 


03 


4,400 

4,830 

+430 

T S </ 

1- 2 


1 0 


4,538 

4,805 

+267 

a- 5 88 

2- 3 


22 


4,560 

4,763 

+203 

a- 4 45 

3- 4 


3 1 


4,362 

4,732 

+370 

- 8 48 

4- 5 


4 4 


4,662 

4,687 

+ 25 

+ 0 54 

5- 6 


5 0 


4,778 

4,660 

—112 

— 2 34 

6- 7 


GO 


4 425 

4 631 

->-206 

+ 4 66 

7- 8 


70 


4,5<5 

4 5C6 

a- 21 

+ 0 46 

8- 9 


80 


4,504 

4,561 

— 3 

— 0 07 

9-10 


90 


4,762 

4 526 

—2% 

— 496 

10-11 


10 0 


4,106 

4 492 

—186 

-r 9 40 

11-12 


11 0 


4,392 

4 457 

—135 

— 2 94 

12-13 


12 1 


4,692 

4 418 

—184 

— 3 9S 

13-14 


13 0 


4,223 

4,3S7 

-rlOt 

+ 3 8S 

14-15 


14 0 


4 173 

4,352 

-179 

a- 4 29 

15-10 


15 0 


4,500 

4 317 

—183 

— 4 07 

16-17 


16 0 


4 119 

4,283 

-164 

a- 39S 

17-18 


17 0 


4,143 

4 248 

a- 101 

a- 2 53 

18-19 


181 


4,238 

4 209 

— 29 

— 0(8 

19-20 


191 


3,789 

4,175 

a-286 

a-10 9 

20-21 


20 0 


4,567 

4,143 

—424 

— 9 28 

21-22 


21 0 


4 150 

4,108 

— 42 

— 1 01 

22-23 


22 2 


4 119 

4 067 

— 52 

— 1 '6 

23-24 


23 0 


3,483 

4 0°9 

J /> 

-15 96 

24-25 


24 0 


3,912 

4 004 

a- 92 

- 2 35 

25-26 


25 0 


4 475 

3 909 

— ' 'oo 

—11 31 

20-27 


20 0 


3 475 

3 935 

-r 460 

-13 24 

27-28 


27 0 


4,225 

3,809 

— 5 0 

— 7 72 

28-29 


280 


3,767 

3,864 

a- 9/ 

a- 2 5S 

29-30 


29 0 


3 900 

3 830 

— 70 

— 1 79 

30-31 


30 0 


3,958 

3,795 

—163 

— 4 12 

31-32 


310 


3,750 

3 760 

- 10 

- 0 27 

32-33 


32 0 


1,075 

3 725 

—250 

— 8 59 

33-34 


330 


2,900 

3, GOO 

-790 

-27 24 

34-35 


34 0 


3,500 

3,055 

— 155 

-r 4 43 

35-30 


350 


3,S75 

3,621 

—254 

— fi 55 

36-37 








37-38 


37 0 


4 000 

3 551 

—449 

—ii 

38-39 


38 0 


3,600 

3,510 

— 84 

•) 

39-40 


39 0 


3,875 

3,481 

—394 

—10 37 
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The absolute and percentage deviations of the calculated from the 
observed values (Table 14) aie quite evenly distributed In seven of 
the average points, howevei, the percentage deviation is moie than 10 per 
cent Three of these averages lepresent only one case, two of them 
stand for only two cases, one for three, and one for nine 



Fig 11 — Vital capacity percentages obtained from formulas of Drejer, West 
and others plotted against age 


The weighted average deviants of the vital capacity-length of 
service formula (Table 16) are largei than the deviants of the other 
vital capacity formulas already described The weighted average abso- 
lute deviant is 150 2 and the weighted average percentage deviant, 3 52 


Table IS — Changes in Calculated Vital Capacity of 345 Fvemcn Ranging in 
Length of Set vice up to Foity Yeats 


Length of 

Calculated 

Decrement 


Percentage 

Service, 

Vital Capacitj, 

■ A 


\ 

of Total 

Years 

Cc 

Cubic Centimeters 

Percentage 


Decrease 

0 

4 810 





5 

4,666 

—174 

—3 595 


12 48 

10 

4 492 

—174 

—3 729 


24 96 

15 

4,317 

—175 

—3 896 


37 52 

20 

4,143 

—174 

—4 031 


50 00 

25 

3,969 

—174 

—4 200 


62 48 

30 

3 795 

—174 

—4 384 


74 96 

35 

3,621 

—174 

— 4 585 


87 45 

40 

3,446 

— 175 

—4 833 


100 00 


Table 16 — Foimulas of Vital Capacity with the Avciage Weighted Deviants 
(Y, Vital Capacity in Cubic Centimetos) 


x 

Standing height, inches 
Sitting height, inches 
Body weight, pounds 
Age, rears 

Length of service in fire department, 3 ears 


A 3 ernge Weighted Deviants 
— > 

Formulas Absolute C c Per Cent 


1 = 139 9X — 6,655 104 1 2 33 

T = 218 9X — 3,299 112 8 2 53 

Y = 0 46X + 4,350 140 3 3 19 

Y = 5, 725 — 34 46X 116 2 2 69 

Y = 4,840 — 34 S4X 150 2 3 52 



MYERS-MAEDER— VITAL CAPACITY OF FIREMEN 


203 


The percentage increment for five year mteivals of service mci eases 
lathei rapidly Between 0 and 5 years, the increment is about 3 6 pei 
cent , and, between 35 and 40, it becomes about 4 8 per cent 

Twenty-five pei cent of the total decrease in vital capacity during 
the thnty-nine >eais of service in the fire depaitment is accomplished by 
the tenth }^ear of seivice, 50 per cent by the twentieth year and 75 per 
cent by the thirtieth year 

After this study w r as made, it was decided to apply some normal 
standards alieady m use to our data The standards used weie the 
surface area standard of West, the standing height standard of West 

Wt 0 72 

and the formula of Dreyer — - r — =0 69 Figui ell shows that the curves 

prepaied on the basis of surface area and Dreyer’s formula veiy nearl) 
coincide This is m accordance with the findings of West, Myeis and 
Cady and others Indeed, it is to be expected since, in the foimula 
of Dreyer, the surface aiea was duly considered The curve prepaied 
from the standing height standard shows that slightly higher percentages 
weie obtained foi the entire group when this standaid was used It 
is mtei estmg to note that the Minneapolis fiiemen presented vital 
capacities well within normal limits by the surface area and Dreyer’s 
formula until the age of 40 to 45 years was reached After that age, 
they remained only slightly below normal limits until the age of 60 to 
65 years was reached, when they dropped below 80 per cent of the 
normal When the standing height standard was employed, the average 
vital capacity was piactically within noimal limits until the age of 60 to 
65 years 



PANCREATIC ENZYMES IN CHOLECYSTITIS * 
GEORGE MORRIS PIERSOL, MD 

AND 

H L BOCKUS, MD 

PHILADELPHIA 

Cholecystitis is frequently associated with a certain degree of pan- 
creatitis Of 1,290 cases of diseases of the gallbladder and bile duct 
reported by Judd, 1 347 or 26 8 per cent had associated pancreatitis In 
his cases, the clinical history did not, as a rule, suggest pancreatitis The 
condition was determined at the tune of operation by enlargement, 
haidemng or edema of the pancreas Deaver believes that cholecystitis 
causes a pancreatic lymphangitis, which condition precedes interstitial 
pancreatitis Pancreatitis is sufficiently far advanced in over one fourth 
of the cases of gallbladder disease operated on to cause a macroscopic 
change in the organ Another interesting illustration of the intimate 
relationship between gallbladder and pancreatic disease is the not infre- 
quent occurrence of glycosuria in long standing cholecystitis 

In routine examination of the fasting duodenal juice for pancreatic 
enzymes, we frequently encountered an absence of, or a decrease in, 
the amount of one or more enzymes m cases of cholecystitis It was 
decided to study the external secretion of the pancreas m a series of 
cases of proved cholecystitis, in order to ascertain whether the pancreatic 
involvement m cholecystitis is sufficient to cause a consistent reduction 
in the amount of enzyme present The direct examination of the 
duodenal juice for pancreatic enzymes was hist repoited by Emhom, 2 
in 1910, following his discovery of the duodenal bucket, in January of 
the same year This discovery opened up an entirely new field for 
investigation It would seem that when pancreatic juice can be obtained 
directly for examination, a test based on such an examination should 
be the most reliable method available The suprarenal mydriasis test 
of the Loewi, the lodobehemc test of Wmtermtz, the urinary diastase 
test and the Sahli capsule all have their advocates and all yield informa- 
tion of value to those familiar with their significance , but none of them 
alone is an absolute measure of pancreatic function 

^'From the gastro-intestinal clinic of the Graduate School of Medicine of 
the University of Pennsylvania 

1 Judd, E S The Relation of the Liver and the Pancreas to Infection 
of the Gallbladder, J A M A 77 197 (July 16) 1921 

2 Emhorn, Max Experiences with Duodenal Contents, JAMA 55, 
July 2, 1910 
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METHOD 

Einhoin 3 has devised an ingenious method of testing foi panci eatic 
enzymes It is patterned somewhat after the Mett tube method for 
pepsin determination, except that agar is used as a vehicle The pi inci- 
ple is that agar tubes in which albumin, starch and fat are mixed allow 
the ferment action to take place m them by osmosis If the test sub- 
stances aie colored with indicators that undergo a change when acted 
on, it is easy to ascertain the presence of the feiments, and also to 
estimate their appioximate amount by the volume of the tube change 
recorded m millimeters When this study was first undertaken, several 
of the more complicated chemical methods were sciutmized and tiled, 
but the method of Emhorn 4 was finally selected It is undoubtedly 
the simplest method that can be considered at all reliable, and at the 
same tune yields mfoimation as to the amount of enzyme present 

Theie is still a great deal to be desired so far as a method for 
accui ately detei mining the amount of ferment is concerned The basic 
principles of the chemistiy of enzyme action are piobably moie nearly 
conformed to in the method recently described by McCluie, Wetmoie 
and Reynolds 5 This method is too involved for l outine clinical work 
and will probably never be universally adopted The method selected 
is not alone lesponsible for the varied and conflicting results obtained 
A fiequent souice of error is m the manner of collecting the duodenal 
juice for examination Theie are exti apancreatic enzymotic substances 
selected foi testing Withdrawing chyme satuiated with gastric juice 
from the duodenum, and subjecting it to examination for pancreatic 
enzymes, we believe to be a frequent source of confusion 

The fractional pancreatic analysis, as described by Emhorn, was 
done on eleven patients (Table 8) We feel that the information 
derived from the fi actional method does not justify the additional two 
hours necessaiy to peifoim the test It is possible to obtain the fasting 
duodenal juice, utilize it for panel eatic enzyme determination, and 
pioceed with a Lyon-Meltzer bile diamage at one tubing We agree 
with Fnedenwald and Emhorn, that the fasting duodenal juice repie- 
sents the highest point of enzyme concentration At least, it represents 
the highest concenti ation level which can be obtained fi om a duodenum 
free fiom food and gastnc juice After a meal there is a drop m 
enzyme values, which gradually rise until the fasting figure is reached 
m about two houis There is considerable fluctuation noimally 

3 Emhorn, Max M Rec,Jan 15,1910 

4 Emhorn, Max The Duodenal Tube, Philadelphia, W B Saunders 
Company, 1921 

5 McClure, C W , Wetmore, A S , and Reynolds, L New Methods 
foi Estimating Enzymatic Activities of the Duodenal Contents of Normal 
Man, Arch Int Med 27 706 (June) 1921 



206 


ARCHIVES OF INTERNAL MEDICINE 


Another factor which militates against the fractional method is that 
chyme is dumped into the duodenum at intervals, and it is impossible 
to tell what proportion of digestion is due to gastric juice and what 
amount is due to pancreatic enzymes 


METHOD OF OBTAINING SECRETION 

The patient reports m the morning on a fasting stomach The 
stomach is washed until clean and aspirated until dry, with the patient 
m the recumbent position The tube is allowed to pass into the 
duodenum, the technic of Lyon being used If there is free fluid m 
the duodenum, it is gently aspirated If not, the tube is attached to a 


Table 1 — Notmal Gall Tract 


No 

Age 

Date 

Diagnosis 

Amylopsin Trypsin 

Steapsin 

1 

66 

12/18/22 

Normal 

7 

3 

6 

2 

39 

12/18/22 

Normal 

4 5 

1 5 

10 5 

S 

39 

12/ 8/22 

Normal 

7 

3 

4 

4 

46 

12/ 8/22 

Normal 

10 5 

85 

3 5 

5 

29 

12/18/22 

Normal 

5 

3 

i 

6 

46 

12/ 8/22 

Normal 

7 

95 

5 5 

7 

40 

12/14/23 

Achylia gastriea, indolie putrefaction 

65 

28 

2 5 

8 

27 

1/ 4/24 

Spinal arthritis 

4 

9 

10 

9 

39 

8/16/22 

Normal 

20 

3 

2 

10 

38 

2/13/24 

Duodenal ulcer 

5 

3 

1 

11 

37 

2/16/24 

Normal 

0 

7 

5 



2/26/24 


35 

4 5 

5 

12 

39 

3/15/24 

Aclijlia, syphilis 

85 

o 

05 

13 

44 

3/15/24 

Duodenal ulcer 

5 

2 

05 

14 

28 

3/15/24 

Gastric ulcer 

6 

1 5 

1 5 

15 

39 

3/19/24 

Duodenal ulcer 

6 

05 

05 

16 

16 

3/19/24 

Chronic appendicitis 

0 

05 

0 

17 

44 

3/25/24 

Normal 

9 

2 

05 



2/ 9/24 


4 

2 

2 

18 

33 

3/25/24 

Normal 

85 

7 

1 

19 

42 

4/12/24 

Achylia gastric i 

11 

8 

10 



3/25/24 


11 

0 

1 5 

20 

40 

4/ 5/24 

Stiller’s disease 

15 

5 

1 

21 

27 

3/29/24 

Normal 

8 

6 

1 5 

22 

24 

3/29/24 

Catarrhal gastritis 

10 

4 

1 

23 

60 

3/29/24 

Pyloric ulcer 

8 

2 

5 

24 

31 


Normal 

14 

10 

20 

25 

30 

4/ 1/24 

Duodenal ulcer 

10 

20 

5 

26 


4/12/24 

Normal 

20 

8 

11 


Group average 


S3 

5 

3 5 


bottle until about 10 c c of duodenal juice has been drained out It 
is placed in a test tube and 1 drop of toluene is added to stop any 
bacterial activity The Emhorn agar tubes, one each of starch, hemo- 
globin and olive oil, are dropped into the test tube after the end of the 
Emhorn tube covered with paraffin has been filed off The test tube 
is placed in an incubator for twenty-four hours Then it is removed, 
and the amount of digestion m each tube is measured m millimeters 
The tubes must be freshly prepared each month and kept in the icebox 
A tube in which the agar does not adhere to the capillar}' 1 glass tube 
all the way down or one that has staited to dry out should be discarded 
In Table 1 are grouped twenty-six patients whose gall tracts were 
normal They were thoroughly studied from a gastro-mtestmal stand- 
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point The lustoiy, physical examination and the Meltzei-Ljon bile 
drainage yielded negative results in every case A laige piopoition of 
them had negative roentgen-ray and fluoroscopic studies Amjlopsin 
varied from 0 to 20 mm , seven patients had amylopsm reading of over 
10 mm , two patients had a reading of zeio for the starch enzwne, 
hut one of them at anothei time had 3 5 mm for amylopsm The other 
patient was a vagotonic bo) who had chronic appendicitis It is piobable 
that the lintation of the tube set up a sympathetic vagus leflex, which 
caused a tempoiaiy suppiession of panel eatic juice In this case there 
was a complete absence of amylopsm and steapsm, and only 1 5 mm 
of digestion m the hemoglobin tube The average amount of amylopsm 
found in the fasting duodenal lesidium in this series of normal gall 
tiact cases was 8 3 mm 

Fnedenwald and Smdler G lepoit a vanation of from 1 to 15 mm 
in amylopsm, m a senes of noimal cases Their aveiage amount of 
amylopsm, m normal cases, was 2 29 mm Einhorn states that 6 mm 
is the average amount of amylopsm found in normal cases It is 
obvious that the staich enzyme is subject to veiy wide fluctuations, 
even m nonnal cases Needless to sa>, a considerable souice of error 
will be avoided if the same individual is assigned to make the readings 
Amylopsm is the most variable of the pancreatic erzymes and the least 
reliable in computing pancreatic function 

Trypsin readings, in the normal group, varied from 0 5 to 20 mm 
In only one case was more than 10 mm of digestion found (the smaller 
range of fluctuation as compaied with amylopsm should be noted) , 
5 mm was the aveiage amount of tiypsm for this group Friedenw aid 
and Smdler’s variation was from 1 to 12 mm , and their average for 
this enzyme was 5 8 mm , Emhorn’s normal aveiage was 2 8 mm The 
range of fluctuation is not nearly so gieat as with amylopsm, but it is 
still considerable 

The amount of steapsm in the noimal group varied from 0 to 
20 mm, but only thiee cases had a reading of over 10 mm The 
average amount of steapsm present was 3 5 mm Fnedenwald and 
Smdler give fiom 1 to 12 mm as their normal range of fluctuation, 
and 3 5 mm as the aveiage amount found Emhorn’s average for 
steapsm was 3 5 mm Steapsm is the least variable of the enzymes 
and is probably the most important m the study of panel eatic dysfunc- 
tion It can be seen at a glance by consulting the first table that the 
strength of one enzyme is independent of the strength of the others 
Fnedenwald, Smdler and Einhorn are of the same opinion 

6 Fnedenwald, T, and Smdler, J Fractional Analysis of the Duodenal 
Contents in Normal Individuals, TAMA 177 1469 (Nov 5) 1921 



208 


ARCHIVES OF INTERNAL MEDICINE 


In recording the degree of fluctuation of enzymes, when more than 
one examination was made on a patient, the extreme figures were used 
In computing the average amount of enzyme present in each series, if 
two or more examinations were made on one patient, the average amount 

Tabit 2 — GaUVaddci Disease 


No 

Age 

Date 

1 

60 


2 

46 

8/12/22 

8/11/24 

3 

36 

8/19/22 

4 

35 

8/15/23 

5 

39 

8/22/22 

6 

29 

8/15/22 

7 

36 

2/11/24 

8 

28 

12/ 4/23 
12/ 7/23 

9 

44 

12/ 8/23 

10 

41 

12/ 8/23 

11 

43 

12/18/23 

12 

49 

12/18/23 

13 

29 

12/11/23 

14 

34 


15 

25 

1/ 8/24 

16 

24 

1/15/24 

17 

30 

2/ 5/24 

18 

26 

2/ 9/24 
2/15/24 
3/11/24 

19 

74 


20 

43 

2/ 9/24 

21 

41 


22 

33 

2/ 9/24 

23 

39 

2/23/24 

24 

40 

2/26/24 

25 

30 

2/26/24 

2/16/24 

3/15/24 

26 

48 

2/26/24 

27 

48 

3/ 1/24 

28 

23 

2/ 5'24 
2/19/24 

29 

32 

2/ 5/24 

3/ 5/24 
3/29/24 

30 

32 

2/ 5/24 

31 

42 

2/ 5/24 
3/11/24 

32 

44 

2/ 5/24 

3/ 5/24 
3/11/24 

33 

36 

3/19/24 

34 

25 

3/20/24 

35 

21 


36 

50 

4/ 5/24 

37 

46 

3/21/24 

38 

38 

4/12/24 

39 

54 

10/12/23 
12/ 4/23 

4/ 5/24 

40 

57 



Group average 


Diagnosis 

Chrome cholecystitis 
Chronic cholecystitis 

Subacute cholecystitis 
Subacute cholecystitis 
Cholelithiasis, operation 
Chronic cholecystitis 
Chronic cholecystitis, operation 
Chronic cholecystitis 

Chronic cholecystitis, operation 
Cholelithiasis, operation 
Chrome cholecystitis 
Cholelithiasis, operation 
Chronic cholecystitis, duodenal ulcer 
Giardiasis, cholecystitis 
Ankylostomiasis, chrome cholecj stitis 
Chronic cholecystitis, chronic appendi- 
citis 

Chronic cholecystitis 
Giardiasis, chronic cholecystitis 


Chronic cholecj stitis 

Chrome cholecystitis, mucouscolitis 

Cholelithiasis, operation 

Chronic cholecystitis 

Chrome cholecystitis 

Chronic cholecj stitis 

Chronic cholecystitis 


Cholelithiasis 
Cholelithiasis, operation 
Chrome cholecystitis, chronic appendi 
citis 

Chronic cholecystitis 


Chronic cholecystitis 
Chrome cholecystitis 

Chrome cholecystitis, operation 


Chronic cholecystitis, syphilis 
Chronic cholecystitis 
Chronic cholecystitis 
Chronic cholecystitis 
Cholelithiasis 
Cholelithiasis, operation 
Chronic cholecystitis 


Chronic cholecystitis 


Duration 


jf Symp- 




toms, 

Amvlop 

Tryp 

Steap 

Tears 

sin 

sin 

sin 

15 

25 

2 

1 

10 

7 

3 

4 


( 

1 

1 

2 

2 

2 


2 

14 

15 

3 

15 

2 

0 


1 

7 

7 

3 

9 

2 

1 

7 

5 

2 

1 5 

1 25 


5 

3 

0 

8 

0 

1 5 

1 

5 

5 

6 

65 

10 

4 

1 

1 

11 

1 5 

1 

1 

4 

2 

1 

1 

10 

5 

5 

3 

3 

85 

2 

0 

2 

0 

5 

1 

3 

2 

1 

0 

3 

3 

0 

4 


6 

2 

4 


2 

1 

7 

30 

0 

1 

5 

5 

0 

5 

0 

10 

1 5 

1 

1 

10 

0 

1 5 

05 

7 

7 

1 

05 

3 

0 

1 

0 

o 

0 

1 

0 


0 

5 

0 


2 

2 

0 

10 

0 

1 

0 

10 

2 

0 

0 

Under 2 

9 

12 

2 


9 

05 

1 

4 

0 

0 5 

0 


7 

6 

0 


8 

1 

1 

Ot er5 

1 

1 

0 


0 

2 

1 


3 

1 5 

1 

10 

5 

25 

3 


8 

3 

1 5 


0 

05 

0 

6 

10 

1 5 

1 

3 

3 

1 

0 

1 

0 

05 

0 

20 

7 

1 

05 

10 

4 

1 

5 

13 

8 

4 

5 

10 

0 

0 

0 


0 

0 

0 


0 

0 

0 

5 

5 

2 

2 


30 21 16 


for each enzyme was computed and the lesultant figure was used for 
that patient’s normal, rather than the extreme figures The most dis- 
appointing part of the normal group is the wide degree of fluctuation 
which occurs m the same patient when the pancreatic function is 
tested more than once under exactly the same conditions 
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In Case 10, two examinations were made, ten days apart Tnere 
was a difference of 3 5 mm of amylopsm and 2 5 mm of tr>psm, but 
the steapsm readings were identical Tv\o determinations were made 
on Case 17 , six w^eeks apart The difference m amjlopsm w^as 5 mm , 
in tr)psm 1 5 mm , and in steapsm 1 5 mm Two determinations were 
made on Case 19, three w^eeks apart Amylopsm was the same, but 
a difference of 8 mm w^as present m the two readings for tr)psm, 
and a disci epancy of 8 5 mm in the steapsm readings This emphasizes 
again the great variability even in the same individual and under like 
conditions In a doubtful case, more than one determination should 
be done and a careful feces analysis made Whipple 7 studied a sei les 


Table 3 — Vanation m Quantity of Enzyme 


Gall tract normal group, Table 1 
Gallbladder disease group, Table 2 


Extremes in Extremes in Extremes in 

Amount of Amount of Amount of 

Amylopsm Trjpsin Steapsm 

0 to 20 0 5 to 20 0 to 20 

7 cases over 10 1 case over 10 2 cases over 10 

0 to 11 0 to 12 0 to 7 

1 case over 10 1 case over 10 


Table 4 — Relation Betzueen Duiation of Symptoms and Amount of Enz\me 

Piesent in Cholecystitis 


Avenge 
Amount of 

At enge 
Amount of 

Average 
Amount of 

Number of 

Duration of Symptoms 

Amvlopsin 

Trvpsin 

Steapsm 

Cases 

Ten years or more 

3 2 

1 5 

18 

10 

From 5 to 9 years 

33 

2.1 

IS 

11 

From 2 to i years 

29 

IS 

1 1 

11 

Under 2 years 

53 

15 

15 

3 


of cases for panci eatic ferments before operation and concluded that 
the interpretation of decreased activity m any one or more of three 
enzymes is difficult, and suggests checking any questionable case with 
a stool examination He believes that gross changes at operation are 
not necessarily an indication of functional disturbance of the pancreas 

GALLBLADDER DISEASE 

Forty cases of gallbladder disease were studied m the marner 
outlined above The diagnosis was confirmed by operation m nine 
cases The roentgen-ray studies indicated a pathologic gallbladder in 
nine other cases In the remaining twenty-two cases, the diagnosis was 
made by the usual diagnostic procedures, lnstor} , ph> sical examination 
and the Lyon-Meltzer drainage method These cases will be found 
m Table 2 There w r as a vanation m the starch enzyme m this group 

7 Whipple, A O Use of the Duodenal Tube m Preoperative Stud} of 
the Bacteriology and Patholog} of the Biliarx Tract and Pancreas, Ann Surg 
73 556 (May) 1921 
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of from 0 to 14 mm In only one case was the reading over 10 mm 
The proteolytic enzyme vaued from 0 to 12 mm , with only one reading 
over 10 mm Steapsm varied from 0 to 7 mm By consulting Table 3, 
it will be seen that the range of fluctuation is distinctly less in the 
cholecystitis cases This is more noticeable m the fat splitting enzyme, 
which did not rise above 7 mm This marked reduction in the amount 
of fat splitting enzyme m cholecystitis may be more of a factor m the 
causation of poor fat digestion than is generally believed The incom- 
plete handling of fats m cholecystitis has usually been considered to be 
caused by a disturbance of the mechanism at the ampulla of Vater 
resulting m an insufficient quantity of bile being poured out into the 
intestines during the digestive phase 


Table 5 — Cholelithiasis 







Duration of 




No 


Age 

Date 

Diagnosis 

Years Amjlopsin 

Tnpsin 

Steapsm 

1 


39 

8/22/22 

Operation 

15 

O 

2 


2 


41 

12/ 8/23 

Operation 

5 

5 

6 

6 5 

3 


49 

12/18/23 

Operation 

11 

1 5 

1 

1 

4 


41 


Operation 

10 

1 5 

1 

1 

5 


48 

2/26/24 


10 

0 

1 

0 

e 


4S 

3/ 1/24 

Operation 

10 

<> 

0 

0 

7 


38 

4/12/24 

Operation 

13 

8 

4 

5 

8 


46 

3/21/24 


10 

4 

1 

5 

Group 34 erage 




3 

o 

26 


Table 6 — 

-Disease of the Panel cas 

and Lwci , Not Cholecystitis 








Amylop 

Tryp- 

Steap- 

No 

Age 

Date 


Diagnosis 


sin 

sin 

sin 

1 

31 

1/29/24 

Diabetes 



0 

0 

0 

2 


1/21/24 

Diabetes 



5 

1 

1 5 

3 

26 

1/29/24 

Arsphenamm jaundice 


85 

2 

3 

4 

30 

2/19/24 

Arspbenamin jaundice 


3 5 

I 

2 

5 

29 

2/26/24 

Arsphemmin jaundice 


55 

4 5 

3 

6 

46 

1/ 8/24 

Intestinal cancer metast isis to beer 

0 

1 5 

4 

7 

46 

2/19/24 

Myocarditis 

cirrhosis of lia ei , isc tes 

■> 

o 

3 


A fiu ther study of Table 2 reveals a peisistent absence of all enzymes 
m one case, and a persistent absence of two enzymes in three cases 
Trypsin was absent from the fasting duodenal juice m three instances 
Amylopsin was absent m eleven cases and steapsm m ten cases In the 
cholecystitis cases m which the enzymes are considerably below normal, 
there is less fluctuation in the amount of enzyme from day to day 
The fat splitting enzyme varies less when more than one determination 
is made on one patient 

The average amount of amylopsin present in the senes of forty cases 
of gallbladder disease was 3 6 mm , as compared with 8 3 mm m the 
normal group (Table 7) The average amount of trypsin was 2 1 mm , 
as compared with 5 0m the normal group The group average for 
steapsm was 1 8 mm , as compared with 3 5 mm m the normal group 
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Of the senes of forty cases of cholecystitis, seventeen cases, or 42 5 per 
cent , had all three enzymes i educed m amount more than 50 per cent , 
eleven cases, or 27 5 per cent , had a reduction of over 50 pei cent in 
two enzymes, and six cases, or 15 per cent, had a reduction of o\er 
50 per cent m one enzyme Eighty-five per cent of the cases studied 
having a gallbladder pathologic condition had a reduction of over 50 per 
cent m one or more enzymes In making this computation, when more 
than one determination was made on the same individual, the highest 
reading was used and not the average reading for that patient 

Dowden and Enfield, 8 using the method described by Whipple, con- 
cluded that the pancreatic enzyme deteinnnation was too variable to 
be reliable The method used was not a quantitative one An analysis 
of their cases shows that of twenty-seven cases of gall tract disease, 
25 per cent had a complete absence of trypsin, and 14 per cent had 
no steapsm , whereas in twenty-five cases in which there was no gall 


Table 7 — Gioup Avciagcs 


Diagnosis 

Number of 
Oases 

Amylopsin 

Trypsin 

Ste ij sin 

Gall tract normal, Table 1 

26 

83 

5 

3 5 

Gallbladder disease, Table 2 

40 

3 G 

21 

1 G 

Cholelithiasis, Table 5 

8 

3 

2 

2 G 

Diabetes, Table G 

2 

2 5 

05 

07 

Arsplienamin jaundice, Table G 

3 

58 

25 

27 


tract pathologic conditions, amylopsin was absent m five cases, tiypsin 
in one, and steapsm in six cases 

In order to determine what relation existed between duration of 
disease and degree of l eduction of enzymes, the cases of cholecystitis 
were subdivided into four groups (Table 4) In the few cases in which 
the duration of symptoms was under two years, the amount of enzyme 
present was practically the same as the average for the normal group 
There seemed to be little difference, however, between the amount of 
enzyme present in the patients having symptoms between two and foui 
years and those having symptoms ovei ten yeais 

CHOLELITHIASIS 

Eight of the patients included in Table 2 had gallstones They have 
been classified separately in Table 5 to ascertain if there was a greater 
reduction m the stone cases The average amounts of amylopsin 
(3 mm ) and trypsin (2 mm ) are slightly below the amounts of those 
enzymes m the general cholecystitis group The steapsm average is 
slightly above that of the cholecystitis group (Table 7) Although the 

8 Dowden, C W , and Enfield, C D The Duodenal Tube in the Study of 
Liver and Pancreatic Pathology, South M J 15 103 (Feb ) 1922 
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number of cases is too small to base conclusions, there seems to be little 
difference between cholelithiasis and cholecystitis m their effect on the 
external secretion of the pancreas 

Two cases of diabetes were studied (Table 6) All three enzymes 
were absent in one case, and m the other there was a marked reduction 
m the amount of trypsin and steapsm 

Three cases of arsphenamm jaundice show an average slight reduc- 
tion m all three enzymes 


Table 8 — Fi actional Panacahc Analysis 






y> Hour 

1 Hour 

l’/> Hours 

2 Hours 





after 

after 

after 

after 

Caso 


Enzymes 

Fasting 

Food 

Food 

Food 

Food 

1 

Gall tiact normal 

Amylopsin 

0 

> 

9 

10 

8 



Trypsin 

2 

1 

4 

3 

5 



Steapsm 

0 5 

05 

1 5 

0 5 

05 

2 

Chronic cholecystitis 

Amylopsin 

7 

2 

7 

0 5 

4 


Trypsin 

i 

4 

2 5 

i 

1 



Steapsm 

i 

1 

1 

0 

1 

3 

Chronic cholecystitis 

Amylopsin 

25 

3 

3 

3 

4 5 



Trypsin 

2 

05 

2 5 

1 5 

2 



Steapsm 

I 

05 

1 5 

1 

02 

4 

Chronic cholecystitis 

Amylopsin 

2 

2 

0 

1 5 

2 


Trypsin 

Steapsm 

2 

i 

O 

05 

i 


5 

Chronic cholecystitis 

Amylopsin 

5 

3 

4 

5 

5 



Trypsin 

1 

1 5 

3 

2 

2 



Steapsm 

4 

05 

0 5 

4 

4 

6 

Chronic cholecystitis 

Amylopsin 

3 

4 

23 

6 

6 



Trypsin 

1 5 

2 

3 

3 

2 



Steapsm 

1 

I 

0 

1 5 

2 

7 

Chronic cholecystitis 

Amylopsin 

5 

8 

0 

2 

4 



Trypsin 

25 

3 

0 5 

I 

1 



Steapsin 

3 

1 5 

0 

05 

05 

8 

Chronic cholecj stitis 

Amylopsin 

0 

0 

2 

4 

4 



Trypsin 

0 5 

05 

05 

0 5 

05 



Steapsin 

0 

0 

0 

05 

0 3 

9 

Chronic cholecystitis 

Amylopsin 

8 

10 

r> 

7 




Trypsin 

4 

0 

s 

s 




Steapsin 

5 

15 

10 

0 


10 

Diabetes 

Amylopsin 

0 

6 o 

7 

12 5 

8 



Trypsin 

0 

i 

3 

2 

2 



Steapsin 

0 

0 

0 

3 5 

I 

11 

Normal 

Amylopsin 

2 5 

4 

0 

3 

3 



Try psin 
Steapsin 

1 

1 5 

1 5 

1 

2 5 


SUMMARY 

1 A series of twenty-six cases having normal gall tracts were 
studied by the Einhorn agar tube method for pancreatic enzymes, using 
the fasting duodenal juice for the determination 

2 The fractional pancreatic analysis has a greater source of error 
and is more time consuming - 

o 

3 There is considerable range of variation in all of the enzymes, 
even m the same individual Amylopsin is the most variable and the 
least stable Trypsin and steapsm are almost on a par as to degree 
of variability, steapsm probably varying less In patients having normal 
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gall tracts and without disease of the panel eas, we found the a\erage 
amount of enzymes to be amylopsin, 8 3 mm , trypsin, 5 0 mm , and 
steapsm, 3 5 mm 

4 Foity cases of cholecystitis were studied in a similar manner The 
lange of fluctuation m the amount of enzyme was found to be greatly 
reduced in gallbladder disease This was particularly tiue of steapsin 

5 A considerable number of cases of gall tract disease had one oi 
more enzymes absent 

6 The average amount of each enzyme in cholecystitis was reduced 
to moie than 50 per cent of the normal amounts 

7 Eighty-five per cent of all cases of gallbladder disease studied 
had a reduction of ovei 50 per cent in the amount of one oi moie 
of the enzymes 

8 The fat splitting enzyme was more consistently reduced in amount 
Trypsin was a close second 

9 A few cases of gallbladder disease presenting symptoms foi less 
than two years had no appieciable reduction in the amount of enzymes 
After two years, the duration of symptoms bears no i elation to the 
degree of reduction of enzymes 

10 Eight cases of cholelithiasis showed an aveiage reduction below 
normal in the quantity of enzymes conesponding closely to the reduction 
in the general cholecystitis cases 

CONCLUSIONS 

Testing the duodenal secretion for pancreatic enzymes has been 
geneially consideied of little value, owing to the extensive range of 
fluctuation which is usually encounteied When the secretion of an 
organ can be obtained for examination, such an examination should 
yield information of value as to the function of that organ Howevei, 
no absolutely reliable clinical method has been devised for testing the 
functional capacity of the panel eas, paiticularly that part of the pancreas 
concerned with enzyme pioduction 

By using a simple quantitative method, piobably as accurate as any 
so far devised, we have found a marked reduction m the amount of the 
pancreatic enzymes m 85 per cent of forty cases of cholecystitis We 
feel that this method of examination, when carefully performed, jields 
information of value concerning the function of the pancreas A definite 
reduction in the amount of the panci eatic enzymes in a doubtful case 
of cholecystitis is additional coi roboi ative evidence in favor of that 
malady, just as achylia gastrica should suggest the presence of gall- 
bladder disease until the latter can be definite!} ruled out 



THE DEMONSTRATION OF TRANSIENT JAUNDICE 
IN GALLSTONE COLIC «■ 

E MEULENGRACHT, M D 

COPENHAGEN, DENMARK 

It is difficult to say how often the symptom jaundice occurs m gall- 
stone patients It is a symptom which the patients and their associates 
take remarkably little notice of, 01 the statements are so vague that 
nothing can be made of them It is also difficult to ascertain how fre- 
quently jaundice follows the attacks themselves, and any data will be 
vitiated if we do not clearly define what we mean by an attack and 
what we mean by jaundice If we take an attack to mean a seveie 
attack and jaundice to mean even the slightest sign of the symptom, 
the frequency of occurrence will be relatively gieat, and vice versa I 
contend that the symptom will occur more often and its diagnostic 
value, therefore, will be increased by a systematic search for it, that 
is to say, by looking for it at times when there is a likelihood of its 
being present and by looking not only for manifest jaundice but also 
for occult jaundice, by examining for bile pigment in the blood and 
urobilin m the urine By thus searching for this symptom, we can 
derive considerable help in the diagnosis of gallstones from its presence, 
although I shall show that jaundice is, of couise, by no means a sine qua 
non in the diagnosis of the disease 

I shall begin by discussing the investigation for bile pigment in the 
blood, and then deal with the examination for urobilmuria — the two 
methods of m\ estigation which are appropriate for the demonstration 
of the slight, the doubtful, or the entirely occult forms of jaundice 
The reason for examining the blood foi bile pigment is that the 
increase of bile pigment in the plasma must leach a certain value before 
it becomes actually visible as jaundice of the skin and sclerotics, and 
before it is excieted in the mine m quantities that can be detected The 
necessary increase m the plasma varies m the different forms of jaun- 
dice It is usually greater m jaundice of a hemolytic nature and smallest 
m puie obstructive jaundice But it also depends on the duration of 
the jaundice which is cleaily evident m the case of the urme, for m acute 
jaundice excretion of bile pigment in the urme more readily takes place 
while in more chronic cases it is moie firmly combined in the plasma 
and is not so easily excreted It appears to be a general rule that the 
bile pigment is present m greater concenti ation m the plasma than m 
the tissues and mine m generalized jaundice As regards the urme, I 
shall illustrate this point with some examples given m Table 1 


''From the Medical Department B, Bispebjerg Hospital 
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The amount of bile pigment in the plasma was determined by the 
dilution method, which I have previously described, 1 the principle of 
which is that by diluting the plasma until it matches a standuid tint we 
measure how yellow it is The method is useful and convenient 
Values up to 5 are within normal limits , above 5 they represent a patho- 
logic mciease 

It will be seen fiom Table 1 that the diffeient forms of jaundice 
have high plasma color values, and that if, m the same manner, we 
measuie approximately how yellow the urine is, 2 we find that, even m 
cases of most complete obstructive jaundice, the urine is always lighter 
in color than the plasma, so that other laws are operative in the case of 
the bile pigment than apply, foi example, to sugar, for we measure the 
blood sugar in paits per thousand but the urine sugai m paits pei cent 


Table 1 — Picscncc of Bile Pigmcnf 



Plasma 

Urine 

Rodent) ch 
Test 

Hemolytic jaundice 

32 

< 5 



Hemolytic jaundice 

54 

< r> 

— 

Hemolytic jaundice 

41 

< r, 

— 

Pernicious anemia 

21 

< 5 

— 

Catarrhal jaundice 

44 

30 

4 

Catarihal jaundice 

30 

< r > 


Catarrhal jaundice 

too 

?90 

20 

27* 

- 

Hepatic cirrhosis 

13 

-f 

? 

Carcinoma of pancreas 

10O 

180 

4-4- 

Carcinoma of pancreas 

84 

43 

4-4- 

Carcinoma of pancreas (?} stone in common bile duct 

250 

3 r > 

4-4- 

Carcinoma of stomach, metastases m liver 

130 

100 

4-4- 

Carcinoma of stomach, metastases in liver 

70 

00 

+ 4- 


* On one day the urine was light in color, md on the other it vas dark 


1 An account of the method is given in the Deutsch Arch f klin Med 
132 , Parts 5 and 6, 1920, ibid 137 , Parts 1 and 2, 1921 It is best to use the 
ready made apparatus (Meulengracht’s Bilirubin Colorimeter, manufactured by 
Paul Altmann, Berlin N W 6 Louisenstrasse 47) It resembles the Sahli 
hemoglobinometer with two glass tubes and a ground glass plate One of the 
tubes contains the faintly yellowish standard solution and serves as a com- 
parison , the other is graduated and is used for the dilution If the tint of 
the colorimeter is not good (too greenish) one can prepare a standard tube for 
oneself with the standard liquid potassium bichromate, 0 05, distilled water, 
500, sulphuric acid, 2 drops The technic is as follows About 3 c c of blood 
are taken with a dry, sterile cannula from the arm vein into a small test tube 
in which 2 drops of 3 per cent sodium oxalate solution have been previously 
put to prevent coagulation The tube is inverted a few times and placed in a 
stand for from twelve to twenty-four hours until the blood corpuscles hate 
sedimented, or, if one is in a hurry, it can be centrifugated With the pipet, 0 5 
cc of the supernatant plasma is transferred to the tube graduated m two and 
one-half cubic centimeters It is then diluted with physiologic sodium chlorid 
solution till it matches the color of the solution in the standard tube The height 
of the liquid measured by the graduations of the tube gives the “plasma color 
value,” “bilirubin value” or “jaundice index” If the value is greater than 15, 
the plasma must be diluted beforehand and the \alue obtained multiplied by the 
degree of dilution 

2 It is only a very rough estimation as the color of the urine is not deter- 
mined by the bile pigment (bilirubin) alone 
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When, therefore, one advocates determinations of bile pigment in 
the plasma in the diagnosis of gallstones, it is because the very slight 
degrees of jaundice are not visible or are doubtful in the skin and cannot 
be detected by the excretion of bile pigment in the urine, and, further- 
more, the remains of jaundice which is disappearing can be most easily 
recognized, or only recognized, m this way 

It is true that the acute obstructive jaundice which occurs in connec- 
tion with gallstones is one of the forms of jaundice m which bile 
pigment is most readily excreted m the ui me 3 But that plasma deter- 
minations are useful m spite of this I can show with the help of some 
examples 

Table 2 — Observations m Case 1 


O O , a woman, aged 56, April 34 to Sept 16, 1932, morbus cordis, cholelithiasis had 
previously had similar attacks, while m the hospital lor heart disease, a typical gallstone 
attach occurred 


August 2V Tam, a omitmg 
August 28 

Visible 

+ 

Plasma 

32 

Rosenbacli 

Test 

4* 

Urobilin 

++ ? 
Trace! 

Temperature 

raised 

August 29 

4* 

28 

Trace 

-4-4* 

Trace 


August 30 

1 



++ 

Trace 


August 31 

1 

1 


4-4* 

Trace 


September 1 

- 


- 

- 


September 2 

- 

6 

- 

- 


September 3 

- 


- 

- 


September 4 

- 

4 

- 

- 


September 5 

- 


- 

- 


September 6 

— 

o-4 



__ 









There was typical tenderness The feces had no stones and were not clay colored 


If, as a first example, we look at Table 2, we see how an attack with 
clearly visible jaundice progresses Jaundice is only present temporarily 
for a few days after the attack of pain The plasma color values are 
increased, bile pigment is excreted in the urine (Rosenbach’s test), and 
there is urobilinuna (Schlesmger’s method as well as Marcussen’s and 

3 In my first publication (Deutsch Arch f him Med 132 , 1920) on 
bile pigment in the blood, I spoke of a “threshold” for skin jaundice and 
a “threshold” for the excretion of bile pigment m the urine I wrote that 
these boundaries were extremely different in the various forms of jaundice, 
which is a fact In the case of the skm and sclerotics, they are commonly 
about 8, 10, 12 or 15 In the case of the urine, I gave too high values at 
that time as I had usually investigated chronic forms of jaundice Subsequently, 
I have observed that in acute gallstone attacks the excretion of bile pigment 
may occur in the urine with a plasma color value below 10 
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S Hansen’s modification m a dilution 1 10) The tests for plasma 
and urobilin are here superfluous as the jaundice is directh Msible 
In Table 3, we see a typical example of the necessity of examining 
the plasma and testing for urobilmuna m order to catch the rapidh 
disappearing jaundice Nothing was seen in the skin Rosenbach s 
reaction m the urine -was doubtful 

I maj perhaps venture to sa) that all these reactions (Gmelin s, 
Rosenbach’s and Trousseau's) for bile pigments m the urme are on 
the v hole, alwais bad and ambiguous except in the more marked forms 
of jaundice One im estigator w ill retum a positn e result and another 

T \ble 3 — Observations in Case 2 


A M a woman, aged 3G June 7 to June CO, IKS, cholelithiasis, iclnlia gastnea li ul lnd 
attacks for five rears had nlwavs been treated for achvln had been iduntted with this 
diagnosis She h id h id a severe att ick on the dav before idmi=sion 




Rosenbach 



Visible 

Plisma lest 

Lrobilm 

June S 

- 

12 Trace 



June 9 


5 — 

- + 




J- 

June 10 

- 

4 - 

- 

June 11 



- 

June 12 



- 

June 13 

- 

3 — 

- 

June 14 



- 

June is 




June 10 

- 

3 — 

— 






There was tvpical tenderness no stones were present in the feces, tnd tlie\ were not 
clav colored Operation was done June 2S, i number of stones were found in the gillblidder 
ind the cvstic duct 


a negative result and we resort to a glance at the patient m order to 
decide by the presence or absence of jaundice ■whether to call the reaction 
positive or negatn e 

Table 4 shows quite a similar case There is doubtful jaundice of 
the sclerotics, as is often the case so that one is undecided about it 
On examining the plasma, a numerical value is obtained and it is con- 
cluded that there has been brief transient jaundice m connection -with 
the pain 

Table 5 shows that it is of course not necessan to make a series 
of investigations but that we mai confine oursehes to earning out a 
plasma determination and a test for urobihnuna after an attack of pain 
and then repeat the tests some da\s later In private practice it will 
often happen that benefit can be dern ed from the tests in the consulting 
room . there has been an attack of pam, and the investigation shows that 
it has been accompanied by transient occult jaundice 
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Table 4 — Observations in Case 3 


J L , a man, aged 45, August 5 to 14, 1922, cholelithiasis, had never had a previous 
attach, admitted foi abdominal colic, pain begin four dijs before admission, particularly 
severe pain on admission 




Visible 

Plasma 

Rosenbnch 

Test 

Urobilin 

August 5 
August 6 

Pain 

Pain 

? 

? 

10 

13 

- 

+ +} 1 
+ 1 J 

Temperature 

slightly 

raised 

August 7 


- 

6 

— 

H — H 
-f- 

August 8 


- 


- 

+ 

August 9 


— 

3 

— 

+ 

August 10 


- 


- 

- 

August 14 



3 


— 


There was slight tenderness, the feces were not clay colored, no stones were present 
Subsequently, the patient passed a stone at home 


Table S — Observations in Case 4 

A J, a woman, aged 31, May 11 to 22, 1921, cholelithiasis, had been treated for some 
time for gastric disease, four days before admission, had bad nn attnch in the right side, 
bach and shoulder blades, associated with vomiting, had had pain now and again since, 
admitted for cholelithiasis 





Rosenbnch 




Visible 

Plnsmn 

Test 

Urobilin 


May 12 

— 

11 

? 

+ + + 

Plempernture 





+ 

| raised 

May 13 

May 14 

May 15 

May 16 

May 17 


o 


+ 



There was typical tenderness 


Table 6 — Observations in Case 5 


E P a woman, aged 24, April 13 to 23, 1921, cholelithiasis, had had a previous attnch 
four or five days before admission had an attach of pain with vomiting, was admitted for 
cholelithiasis 





Rosenbnch 



Visible 

Plasma 

Test 

Urobilin 

April 14 

April 15 


7 

' — 

++ + 

++ 

April 16 

— 

4 

— 

Trace 


There was tenderness in the epigastrium, the temperature was normal 
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It is not advisable to grve geneial rules foi the standaid to be set 
up for recognizing occult jaundice Sometimes, one will be inclined to 
be satisfied with little, as, for instance, m Table 6, when there is reason 
to believe that one has to deal with the last traces of jaundice, which 
has been more pronounced on the preceding days but is now disappearing 

From the examples cited, it will be seen how the slight jaundice has 
been continuously accompanied by urobihnuria Thanks to S Hansen’s 
article 4 on urobihnuria m cholelithiasis, it is now generally known that, 
in the transient urobihnuria following an attack, we possess an excellent 
aid to diagnosis in cholelithiasis 

In Ihe accompanying chart, I have leproduced the type curve which 
S Hansen found He also found urobihnuria with extraordinary 
regularity after an attack, after twenty-three attacks (comparison 
should be made with the chart) he discovered an increased excretion of 
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Urobihnuria in Cholelithiasis (S Hansen) 

Urobilin reaction 1/20 — 1/80 1/10 0 

Thirty-three attacks 29 4 0 


urobilin m the urine in all cases He concludes, therefore, that the 
symptom is “almost constant” after a gallstone attack 5 I have, how- 
ever, been unable to observe such a constancy of the symptom, and I can 
only explain S Hansen’s constant finding as the result of chance, or as 
an indication that he has been particularly strict with regard to what he 
ivill recognize as a gallstone attack, and especially lax with regard to 
what he will allow to be a positne urobilin reaction, since there is a 
definite subjective factor imolved m adjudicating on them I shall give 
some examples below of the absence of urobihnuria in undoubted 
attacks accompanied by slight manifest jaundice or a small increase in 
the plasma color values (Tables 7 and 8) 

I must, therefore, state that genuine attacks may occur w ithout the 
association of any of the elements of jaundice whaterer (Tables 
9 and 10) 

4 Hansen, S Ugesk f Laeger 82 415 (March 25) 1920 

5 Cases of stone in the common bile duct uitli total shutting off of the 
intestine are excluded 
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Table 7 — Observations m Case 6 


E P, a woman, aged 55, Nov 27 to Dee 17, 1921, cholelithiasis, obesity, had had a series 
of attacks at home, described as heart attacks, was admitted for heart disease and obesity, 
had had attacks for the last two days befoie admission 





Rosenbach 




Visible 

PI isma 

Test 

Urobilin 


November 27 

+ 

37 


+ 


November 28 

+ 


+ 

+ 


November 29 

+ 

15 

+ 

+ 

Temperature 




— 

slightly 






raised 

November 30 

Irace 

6 


+ 


December 1 

- 

7 

- 

+ ! 


December 2 

- 

7 

- 

+ 


December 3 

- 


- 

+ 


December 4 

- 

5 

- 



December 5 

- 


- 

+ 


December 6 

- 

5 

- 

+ 


There was no tenderness, 
colored 

no stones were 

present in 

the feces, 

and they were not clay 




Table 8 

— Observations in Case 7 


J D , a woman, 
disease was regarded 

aged 32, 
as colitis, 

Nov 26, 1919 to Jan 21, 1920, 
had had attacks of pain, was 

cholelithiasis, for 
admitted for colitis 

a year the 

December 14 

Attack of pam 


Visible Plasma 

Rosenbach 

Test 

Urobilin 

December 15 

Attack of pain 





December 16 




Trace 16 

-- 

- 

December 17 




- 

— 

~ 

December 18 




- 6 

— 

- 

December 19 




- 

— 

- 

December 20 




— o 

— 

- 

December 21 




- 

— 

- 

December 22 




- 5 

— 

- 

December 23 




- 

— 

JU 

December 28 




- 4 

— 

- 

January 5 




- 4 











— 


There was fairly typical tenderness, the temperature was normal An operation was per 
formed January 21 A number of stones the size of hemp seeds were found m the gallbladder 
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To recapitulate my opinion of the diagnostic value of jaundice m 
cholelithiasis, I consider that its value is considerably enhanced if the 
slight or occult degrees are searched foi It will then appear that a 
considerably largei proportion of the cases than is generally belie\ed 
are accompanied by slight transient jaundice But there are, of couise, 
two points on which we must be clear In the first place, jaundice can 
mean much more than cholelithiasis Just as we may be deceived by 
manifest jaundice into diagnosing cholelithiasis, we may also be led 
astray by the slightei degrees of jaundice if we hunt foi them assidu- 
ously and attribute too great diagnostic impoitance to them Thus, like 


Table 9 — Observations in Case S 

E J , a woman, aged 33, Oct 4 to 13, 1921, cholelithiasis, liad had attacks lor ten years, 
which were diagnosed as gastric disease, was admitted lor hepatic colic 




Plnsma 

Urobilin 

October 0 


5 

- 

October 7 

Pain 


- 

October 8 

Severe attack 


- 

October 9 

Pam 

5 

- 

October 19 




October 11 


3 

- 

October 12 


5 

- 

October 13 


4 

- 

Octobei 14 



- 

October 15 


4 

- 

October 10 

Sevcic attack 

4 

- 

October 17 

Pain 



October 18 

Pain 

5 

— 






There had been typical severe attacks, with typical tenderness each time No stones were 
in the leces The tempeintuie nas normal An operation i\as pcrlorincd, October 31 two 
stones the size ol a cherry were lound m the gillblndder 


others, I have been led on a false scent The same applies heie as to 
albumuuuia which, although it may signify many different things, is 
nevei theless a valuable aid to diagnosis in nephritis It should, there- 
fore, only be kept in mind that jaundice, manifest or occult, may also 
signify other things, such as disease of the liver cells, or it may be of 
an lhfectious natiue But what is dial actei istic of a gallstone attack is 
that transient jaundice of short duiation occurs in conjunction with pam 
which clinically lesembles gallstone colic 

What might at first be expected to cause difficulty is transient jaun- 
dice and transient urobihnuria of an infectious nature, that is to say, 
caused by toxic bacterial action on the liver cells For this to happen. 
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however, higher fever or special infections must usually be present, so 
that these difficulties will not, as a rule, be great m the clinic 

Secondly, as I have mentioned, we must realize that gallstone colic 
need not be accompanied by jaundice m any of its manifestations 
(Tables 9 and 10) 

When jaundice is manifest, one is spaied further investigation and, 
as a rule, m practical diagnosis one is glad to avoid it as much as pos- 
sible But, if it is a question of looking for occult jaundice, it may be 
asked which of the two methods of investigation is to be preferred, the 
examination for bile pigment m the plasma or the examination for 
urobihnuna Theoretically, the two investigations supplement each 
other and the urobihnuna may be absent while the other symptom is 
present In a well appointed department where skilled assistance is 


Table 10 — Obseivations m Case 9 

A A a woman, aged 33, May 20 to June 20, 1922 cholelithiasis, nchylia gastnca had 
had attacks for three years, was admitted for cholelithiasis (0 






Rosenbach 




Visible 

Plasma 

Test 

Urobilin 

June 9 

Severe attack 
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June 10 




3 




June 11 

Severe attack 

— 
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June 12 


— 




June 13 
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June 14 

Severe attack 
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3 

— 
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June 15 
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3 

- 

- 

June 16 
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l + 








Temperature 

June 17 


— 



{++ 

38 39 C 

June 18 


- 

3 

- 

( + J 


June 19 


- 





The gallbladder was palpable No stones were In the feces There was typical tenderness 
Opention was done July 3, two stones were found in the gallbladder, one firmly impacted 
in the cystic duct 


forthcoming, it may peihaps be a matter of indifference which of the 
methods is employed or whether both of them aie made use of But 
m private practice it is otherwise 

The diagnosis cholelithiasis is one which, to a gieat extent, is made 
m the home in actual practice, and one cannot, in this case, as m other 
diseases, leisuiely subject the patient to vanous examinations and so 
make the diagnosis by steps, but one must strike while the iron is hot 
and make the diagnosis when the patient has an attack Whether it is 
tenderness or jaundice that is searched for, we must seize the oppor- 
tunity while it is there Thus, it is of no avail to make use of too 
complicated apparatus and methods for the demonstration of jaundice 
which waste time In this respect, each of the two methods has its 
advantages and disadvantages In the examination for urobihnuna, 
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venipuncture is avoided , this, how ever, should not entail an) difficulties 
The examination by Schlesinger’s method 6 will as a rule be adequate 
when it is onl) a question of a strong reaction and when it is lemem- 
bered that the reagent is somewhat altered on keeping Marcussen and 
S Hansen’s modification 7 m a dilution 1 10 is likewise fairly simple 
and rapid But a disadvantage m a urobilin determination is that a 
twenty-four hours’ sample of urine should really be used because indi- 
vidual samples may var) considerably, partly on account of the changing 
diuiesis and partly on account of variations m the twenty-four hours’ 
excretion 8 9 I m3 self consider that the plasma determination is con- 
venient and well adapted for the consultation room It seems to me 
that, 111 the consultation room, it is simpler to take a sample of blood 
than obtain a twenty-four hours' sample of urine, and, with practice, it 
is only necessary to let the tube with the oxalated blood stand till the 
blood coipuscles lia\e sedimented It is then possible to see direct!) 
whether the plasma is yellower than it ought to be and it is unneces- 
sary to obtain the actual numerical value 0 

The chief point, if it is desned to make use of jaundice as the basis 
of diffeiential diagnosis, is to select the right time, as already pointed 
out , and the mode of procedure must therefore be to instiuct the patient 
m doubtful cases in which there is a suspicion that he is suffering from 
gallstones, to present himself 01 send for the doctor when there has 
been an attack of pain, so as to afford one the opportunity of lmesti- 
gatmg whether jaundice m any of its manifestations occurs m direct 
association with such an attack 

6 Schlesinger’s method Equal parts of urine and the vigorously shaken 
reagent (zinc acetate 10, absolute alcohol 90) are mixed and left to stand 
for twenty-four hours Above the flocculent precipitate, there is a column of 
clear liquid A green fluorescence in the latter denotes the presence of urobilin 
If it is desired to read the result immediately, two or three drops of tincture 
of lodin (1 20) must be mixed with 10 c c of urine and then filtered (On 
the addition of 10 dm the urobilinogen present is oxidized to urobilin , 011 
standing this takes place spontaneously ) The reading is taken by reflected 
ordinary daylight, preferably against a dark background As an excess ot 
zinc is essential, the reagent must be vigorously shaken especially because the 
zinc acetate powder is transformed into a coarse crystalline mass difficult to 
disperse, on keeping Ammotuacal urine should be overneutral lzed with 
acetic acid 

7 Marcussen and S Hansen’s modification (Ugesk f Laeger 80 16 [Jan 

3] 1918) 1 c c urine and 4 c c distilled water and 2 drops of tincture of 10 dm 

are mixed together, 5 cc of the reagent (zinc acetate 2, absolute alcohol 100) 
are added It is then shaken The result is read after filtration or on standing 

8 Weltmann, Oscar, and Tenschert, Otto Ueber die T agesschw ankungen 
im Urobilinogengehalt des Harnes bei Gesunden und Kranken, Wien med 
W chnschr 18 766-770, 1922 

9 Hijmans von der Bergh’s method for the demonstration of bile pigment 
in the blood which is now employed extensnely is, m my opinion, much too 
complicated for the present purpose, and it is also subject to large quantitatne 
errors (my r paper m the Deutsch Arch f khn Med 137, 1921) 



THE AGE CURVE OF PULSE RATE UNDER 
BASAL CONDITIONS > 

W D SUTLIFF, MD, and EVELYN HOLT, MD 

NEW YORK 

This study was undertaken with the following ends in view 

1 To furnish standards, so far as the available data will permit, 
of the average normal pulse rate under basal conditions and the extent 
of normal variations fiom this average 

2 To observe the changes in pulse rate with age and with sex 

3 To compare the age curve of pulse rate with the age curve of 
metabolic rate 

Data have been obtained through a survey of the published records 
of basal metabolism expenments, in which normal subjects were studied 

REVIEW OF THE LITERATURE 

It is not our purpose to present a complete review of the literatuie 
on the subject of pulse frequency The reader is referred to the work 
of Tigerstedt 1 for a thorough discussion Only a few points which 
appear pertinent to the subject matter of this study will be mentioned 

Average normal values given by Tigerstedt are copied from tables 
given first by Volkmann, 2 and based on data collected by Volkmann, 
Guy 3 and Nitsch, 4 separately The conditions while not basal were 
uniform, m that the rates were taken with the subject sitting in a chair, 
resting, and from two to four hours after the last meal A number of 
these average values at various ages are given in Table 1 It will be 
noted that Volkmann did not give separate values for the two sexes 
The general trend of pulse frequency with age according to this table 
may be summarized as follows highest m infancy, 134 at 1 year, it 
drops rapidly at first, reaching 111 at 2 years, then drops more gradually 
to ninety at 9 and 10 years, seventy-four at 20 years, then remains 
constant until 55 and rises slightly m old age These values compare 
closely with what MacKenzie 5 offers at birth from 130 to 140, ninety 

'From the Second Medical (Cornell) Division of Bellevue Hospital, and 
the Department of Medicine, Cornell University Medical College 

1 Tigerstedt, R Die Physiologie des Kreislaufes, Ed 2, Berlin and 
Leipzig, de Gruyter, 1921, pp 429-472 

2 Volkmann, A W Die Haemodynamik, Leipzig, 1850, pp 407-445 

3 Guy, W A The Pulse, in Todd, R B Cyclopaedia of Anatomy and 

Physiology 4 181-194, 1847-1849 

4 Nitsch, quoted from Tavastzerna, A Zur Kenntnis der Individuellen 
Schwankungen des Blutdruckes beim gesunden Menschen, Skand Arch f 
Physiol 21 405-430, 1909 

5 MacKenzie, fames Diseases of the Heart, Oxford Med Pub, 1908, 
pp 120-135 
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at 9 or 10 years, seventy-foui at 20 yeais, from 66 to 76 at fiom 30 to 
50 years with some increase aftei 50 }ears Many other authorities agree 
closely with Volkmann, showing that his work has been the usual source 
of statements legal ding the normal pulse rate, and that it appears to be 
confirmed by the findings of clinicians in eveiyday practice 

Variations within noimal limits have been indicated m Volkmann’s 
table by giving the highest and lowest observation at each age, together 
with the number of observations Theie are differences of fiom 
40 to 60 beats pei minute, loughly fiom 20 to 30 pei cent above 
and below the avetage, slightly gi eater m youth than in adult life and 
old age 

Tarle 1 — Compel) ison of Pulse Rate at Diffcicnt Ages Undo Diffocnt 

Standaid Conditions 



Men and Women 






Not Basal 





Age 

from / — 

— Men- 

-Basal 1 

t Women— 

Basal 1 


Volkmann Benedict et 

al Bailcj 

Benedict et al 

Bade) 

1 

134 

116 


122 


2 

111 

104 


103 


3 

108 

92 


86 


4 

108 


100 

87 

99 

S 

103 


91 

91 

88 

6 

9S 

87 

97 

80 

97 

7 

93 

85 

92 

73 

92 

8 

94 

80 

100 

77 

101 

9 

89 

81 

93 

S5 

100 

10 

91 

79 

84 

80 

92 

11 

87 

75 

84 


92 

12 

89 

69 

90 

80 

89 

13 

SS 

76 

87 

82 

86 

14 

87 

75 

83 

79 

81 

IS 

82 

70 

77 

77 

82 

16 

83 

71 

77 

77 

83 

17 

SO 

68 

74 

72 

78 

18 

76 


76 

73 

78 

19 

77 

65 

77 

71 

78 

20 

74 

64 

73 

69 

74 

20-40 

71 

62 

75 

68 

77 

40-60 

73 

57 

70 

70 

74 

60-70 

74 

66 

66 

71 

78 

70 and over 

75 

65 


73 



Sex was cleaily shown by Guy 1 to produce a difference m puhe 
late At every age after 2 yeais the females of his senes have a moie 
lapid late than the males, the difference being slight up to 7 >ears, 
after that from 6 to 14 beats per minute with an average of 9 beats per 
minute Fnbergei G gives a table of the aveiage pulse rate of boys and 
of girls from 6 to 15 years of age, in which the diffeience in the sexes 
aveiages 11 beats per minute Volkmann, 2 on the othei hand, showed 
that when women and men of the same body length were compared, 
theie was no constant diffeience He ascribes the difference noted b\ 
Guy and othei s to body size and diaws analogies from the animal 
kingdom, large animals having slower, small animals hawng faster 
pulse lates The validity of these arguments has been somewhat 

6 Fnberger, R Ueber die Entwicklung \on Puls und Blutdruck in 
spateren Kvrvdesalters, Arch f Kinderh 60 oo 1-339, 191o 
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lessened by more lecent work Benedict 1 has used the biometrical 
method of correlation coefficients, to find what relationship stature and 
pulse rate may have to one another and states "As far as available 
data justify conclusions concerning the problem, they seem to indicate 
that there is only a very slight if any interdependence between stature 
and minimum or basal pulse rate in man ” 

Age, it appears, plays a definite part m the differences m pulse fre- 
quency Volkmann showed that persons of the same size, but younger, 
have more rapid pulses 

Tigerstedt 1 considers the variety and number of factors which 
influence the pulse rate in noimal persons Musculai exertion is the 
principal one All mannei of external stimuli, even internal stimuli 
such as pioduced by body processes oi emotions have immediate and 
marked effect In commenting on the data of Volkmann, Guy and 
Nitsch, he says that had the subjects been at more nearly perfect rest 
the average values would be lower He quotes seveial observers on the 
effect of rest on the pulse rate Aulo 7 8 9 showed that there was a gradual 
fall of the pulse rate dui mg rest to a level reached after from eighty to 
one hundred minutes At what appeared to be complete rest, with a 
curve the average point of which remained constant at about 50 beats 
per minute, variations continued to occui from minute to minute as 
great as 10 per cent above and below the average We find no other data 
which indicate the occurrence of variations as great as those noted 
by Aulo Bleuler and Lehmann 0 counted the pulse of a subject every 
five or ten minutes, from 8 25 a m to 8 12 p m , and found that the 
rate varied from 59 to 64, about 5 per cent above and below the 
average It is a common experience in basal metabolism work to find 
variations of from 1 to 5 beats per minute m repeated counts after the 
patient has rested for thirty minutes This would indicate that Aulo’s 
subjects were extiaordinary in the variability of their pulse rates, or that 
the resting conditions were not so complete as those which are required 
in basal metabolism determinations Aulo showed that the fall in pulse 
rate during sleep was appi oximately the same m amount as that at 
complete rest, but that during sleep the fall occurred more quickly 
Klewitz 10 states that during the day there is no difference m the pulse 
of subjects asleep and the pulse of subjects awake and at lest, but that at 

7 Harris, J A , and Benedict, F G A Biometric Study of Basal Metab- 
olism in Man, Publication 279, Carnegie Institute, 1919 

8 Aulo, T A Zur Kenntnis der Pulsfrequenz des Menschen bei Mus- 
kelruhe und lm Schlaf, Skand Arch f Physiol 21 266-276, 1909 

9 Bleuler, E , and Lehmann, K B Ueber einige wenig beachtete wichtige 
Emflusse auf die Pulszahl des gesunden Menschen, Arch f Hyg 3 215-248, 1885 

10 Klewitz, F Der Puls im Schlaf, Deutscb Arch f klm Med 112 
38-55, 1913 
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night during sleep a greatei fall occurs Korosy 11 made the obsena- 
tion that a group of soldieis between the ages of 20 and 24 bad an 
average pulse rate of 63 3 These men v, ere resting quietly m bed in 
the morning A short interval was allowed to elapse after the\ were 
wakened and no food was gnen The conditions may be considered 
basal He calls attention to the fact that the average is lower than that 
obtained by Volkmann, 2 Guy, 3 Nitsch, 4 Quetelet, 12 Vieiordt 13 and 
others whose conditions were not basal 

In recent years, the workers on metabolism have collected a laiue 

o 

amount of data on the pulse frequency under basal conditions In 
basal metabolism work, the obseivations are made with the subject m 
the postabsorptive and lestmg state, the fall in pulse late to a constant 
level being one of the criteria of the length of lest requited The 
largest amount of this woi k has been done by Benedict 14 and his 
co-workers of the Nutrition Laboiatory of the Cainegie Institution of 
Washington Detailed discussions of the basal pulse rate may be 
found in the publications of the Carnegie Institution dealing with 
infants, older childien and adults 

Infants studied by Benedict and Talbot 14 during the hist 5 da\s 
of life showed a slight progressive decrease during the fust 3 da)s, 
then a return to the original or a slightly higher level The rates 
showed a marked drop fiom the fetal average of 135 beats per minute 
to an average of 112 beats pei minute the first day after birth The 
fetal pulse was studied first by Kegaradec, 15 whose original obseiva- 
tions have been confirmed b> many different workers Naegele, 10 m 
600 observations, finds the extremes to range from 90 to 180, with an 
average of from 130 to 140 Piematuie infants have been studied b} 
Talbot, Sisson and Moriarty 17 The infants were estimated to be 
fiom foity-three to 108 days premature Pulse rates langed from 110 
to 185 with an average of 140 to 150, much faster than those of eithei 
the fetus or new-born clnldien 

11 Korosy, K Studien uber Puls und Atmunsgsfrequenz, Deutsch Arch 
f klin Med 101 267-282, 1911 

12 Quetelet, A Anthropometrie, Bruxelles, 1870, pp 370-374 

13 Vierordt, H Anatomisclie, Physiologische, und Plnsikalische Daten 
und Tabellen, Ed 3, Fischer, Jena, 1906, pp 230-237 

14 Benedict, F G, and Talbot, F B The Physiology of the New-Born 
Infant, Pub 233, Carnegie Inst, 1915 Benedict, F G, and Talbot, F B 
Metabolism from Birth to Puberty, Pub 302, Carnegie Inst , 1921 Harris, J A , 
and Benedict, F G A Biometric Study of Basal Metabolism in Man, Pub 279, 
Carnegie Inst , 1919 

15 ICegaradec Memoire sur l’auscultation apphquee a l’efude dc h 
grossesse, Paris, 1822 (quoted in Williams’ Obstetrics, Ed 5, 1923, p 2071 

16 Naegele, O V Die geburtslulfiiche Auscultation, Mainz, 183S, p 35 
(also in Prejrer Die spezielle Phjsiologie des Embrjo, 1885, p 43) 

17 Talbot, Fritz B , Sisson, Warren R, and Moriartj, Margaret E Basal 
Metabolism of Prematuritr, Am J Dis Child 26 29-55 (July) 192a 
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During the first yeai of life pulse rates appeared fiom the work of 
Benedict and Talbot 14 to remain appioximately the same A definite 
trend downward is observed to begin in most of the individual subjects 
at any point from the fourth to the fouiteenth month In all it appeared 
befoie the eighteenth month 

The decrease in childhood is shown by averages selected by Benedict 
and Talbot 14 


Tarle 2 — Dccicase of PuUe Rate m Childhood (Benedict) 


Age 

Pulse Rite 

Age 

Pulse Rite 

1 

121 

7 

78 

2 

100 

8 

78 

3 

89 

9 

82 

4 

87 

10 

81 

S 

91 

12 

72 


The drop shows many irregularities, as at 5 years and 9 and 10 years, 
differing m this respect from the uniform curve pioduced by the data 
of Volkmann, 2 Guy, 3 and Nitsch 4 

The effect of sex on the pulse late is definitely shown m Benedict 
and Talbot’s observations on children only in those under 1 year of age 
Girls have higher rates from 1 y 2 to 10 months Theie is a tendency to 
a higher rate m girls than boys in the data from 1 year to puberty, 
however, fifteen of twenty-six age periods show girls higher while 
eleven show boys higher Benedict and Talbot 14 say “On the whole, 
the picture cannot be said to speak for a higher pulse rate with girls 
than with boys ” 

In adults, the grand aveiages of Harris and Benedict’s 7 cases show 
a marked difference between the sexes One hundied and twenty men 
averaged 61 26 beats per minute, while ninety women averaged 68 87 
beats per minute These figures are remarkably constant in the dif- 
ferent sections of the large groups done at separate times and places 
and by different men This indicates an average difference m adult 
men and women of 7 6 beats per minute with sex 

Other men have studied the pulse under basal conditions Addis, 18 
working with soldiers aged fiom 21 to 23, under basal conditions finds 
an average of 63 beats per minute and undei conditions not basal an 
average of 80 beats per minute He shows the variability of the pulse 
under basal conditions by the odds against the appearance in his series 
of a given rate higher than the average For instance, Addis says that 
the chances that a rate of 88 is normal are only 1 m 1,000 Peterson 
and Walter 10 summarize 2,500 basal observations on 1,200 clinic 

18 Addis, T Blood Pressure and Pulse Rate Levels, Arch Int Med 
29 539-553 (April) 1922 

19 Peterson, Anne, and Walter, Will Basal Metabolism and Ideal Weight 
and Pulse Ratios, J A M A 78 341-343 (Feb 4) 1922 
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patients, and find the aveiage for men 66, for women 74 These may 
be compaied to the clinic patients observed by Bailey, mentioned later 
In legal d to vanations Peteison and Waltei state that a late of ovei 
S2 m men oi over 90 in women is cause for suspicion of 
h)pcith} loichsm 

The i elation between pulse and age has been taken up by Han is and 
Benedict " m addition to the data given in the foi egomg on changes in 
childhood The method of correlation coefficients was used on the data 
of the Nulntion Laboiatoiy foi adults 120 men ranging from 16 to 
67 }eais, but mainly between 20 and 35, and ninety women ranging 
from 15 to 74, but mainly between 20 and 30 They found that there 
was a slight negatite correlation, indicating a decrease m pulse rate 
with adtancing age, m this age group Han is and Benedict 7 say m 
icgard to this “The amount of change is so small that its nature has 
not been lmcstigatcd ” The) quote Whiting’s coi relations of the same 
factors, pulse and age, using data gatheied by Goring on prisoners, 
but not undei basal conditions His lesults indicate a positive correla- 
tion, an incie.ise with age Benedict suggests that without basal condi- 
tions and possibl) the piesence of increased lability of the pulse with 
age these conti adicton findings of Whiting may be explained 

The investigation of the relationship of the technic and apparatus 
concerned in the taking of basal metabolism measurements to the results 
obtained, has )icldcd some interesting obseivations on the effect of 
mixtures rich in oxygen on the pulse late Benedict and Higgins 20 
found a slight, but peiceptiblc fall m rate with the use of air mixtures 
foi breathing, containing 60 pei cent oxygen, and a definite drop of 
about 4 beats pci minute when 80 per cent oxygen w r as used 
Parkinson, 21 and Schneider and Sisco, 22 also observed a drop in pulse 
late, but only with the use of high percentages of oxygen Since the 
ox\ gen, c\cn in the closed circuit apparatus of the recent portable type 
almost never uses to 60 pci cent , interference with any of the observa- 
tions used in this study is not likely 

Metabolism and pulse rate have been studied for possible rela- 
tionship by a number of men Murlin and Greer 23 showed that pulse 
rale has less i elation to oxygen absorption than the product used to 
express total heart action, pulse piessuie multiplied by pulse rate 

20 Benedict, F G, and Higgins, H L Effects on Men at Rest of Breath- 
ing Oxygen-Rich Gas Mixlutcs, Am J Physiol 28 1-18, 1911 

21 Paikinson, John The Effect of the Inhalation of Oxygen on the Rate 
of the Pulse in Health, J Physiol 44 S4-S8, 1912 

22 Schneider, E C, and Sisco, D L The Circulation of the Blood in 
Man at High Altitudes, Am J Physiol 34 1-47, 1914 

23 Murlm, J R, and Greer, J R The Relation of Heart Action to the 
Respiratory Mechanism, Am J Physiol 33 253-282, 1914 
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Benedict and Cathcart 24 showed that pulse rate and heat production 
are not proportional m greater muscular activity Murlin and Hoobler 25 
state that under the same conditions m the same person, minor fluctua- 
tions m muscular activity are accompanied by minor fluctuations m 
pulse rate and basal metabolic rate, but that at different ages in the 
same infant, this does not hold true A certain infant, sleeping, 
showed a pulse of 140, at the age of 2 months, and a pulse of 112 at 
the age of 12 months, while the heat pioduction at the latter age 
amounted to twice that of the earlier age Hams and Benedict 7 cite the 
fact that women have a higher pulse rate than men and at the same time a 
lower metabolic rate as indicating that “the average pulse rate may 
have little if any connection with average heat production in a group 
of individuals ” Benedict and Talbot, 14 by an elaborate series of kymo- 
graphic observations of infants’ movements taken during the periods 
of metabolism experiments, were able to observe that the metabolism 
varies closely with the movements and pulse rate varies closely with 
both The record of the pulse rate pioved a better practical guide to 
the changes in metabolism than the recoid of movements They con- 
clude that m a given infant, vanations of pulse rate do accompany 
variations m metabolism Sturgis, 20 in observations of one patient with 
hyperthyroidism through 192 consecutive days, observed that the 
resting pulse rate indicated the changes which occurred in the metab- 
olism with few exceptions It appears to be the general opinion 
among metabolism workers who study hyperthyroid cases, that when 
the relation of pulse rate to metabolic rate is once learned in a given 
case, changes m metabolism may be noted with a fair degree of certainty 
at a subsequent time (Means and Aub, 27 and otheis) In different 
persons the relationship of pulse to basal metabolism is not comparable, 
however From a consideiation of the opinions of these authors there 
seems to be no true relationship between basal pulse rate and basa*. 
metabolic rate, except in the individual 

On the other hand, Flarris and Benedict, 7 again using correlation 
coefficients, with the data of the adult series before mentioned, find a 
slight positive correlation between pulse rate and total heat production 
The degree of con elation is increased by the use of calories per square 
meter of body surface, thus correcting for the differences m the size of 

24 Benedict, F G , and Cathcart, E P Muscular Work, Pub 187, Carnegie 
Inst, 1913 

25 Murlin, J R, and Hoobler, R B The Energy Metabolism of Ten 
Hospital Children, Am J Dis Child 9 81-119 (Feb ) 1915 

26 Sturgis, Cyrus C Observations on One Hundred and Nmety-Two 
Consecutive Days of Basal Metabolism, Food Intake, Pulse Rate, and Body 
Weight in a Patient with Exophthalmic Goiter, Arch Int Med 32 50-73 
(July) 1923 

27 Means, J H , and Aub, T C Basal Metabolism in Exophthalmic Goiter, 
Arch Int Med 24 645 (Dec ) 1919 
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the subjects Since the cori elation is positive m sign it indicates that 
pulse rate is higher with higher metabolic rates and vice versa m adults 
Read 28 has also used the method of correlation coefficients with the 
factors, pulse piessuie, pulse rate and basal metabolic rate m a series 
of 300 observations m thy toid patients and thyroid suspects He found 
a high correlation of both pulse rate and pulse pressure with metabolic 
rate, and -with the resulting formula he calculated the metabolic rate 
in his own senes of cases fiom observed pulse pressure and pulse rate 
within 10 pei cent of the actual value found in 60 per cent of the cases 
and within 20 per cent in 91 pei cent of the cases This tends to show 
that m thyroid states at least the pulse rate and pulse pressure have a 
consideiable and fairly constant relation to basal metabolism 

This renew of the literature m regaid to pulse rates under basal 
conditions indicates that theie is a use and a need for standards of 
average noimal values Hobson, 29 wonting m 1923, says "‘No absolute 
\ allies can be attached to the obseuations (pulse) since we have noth- 
ing but the crudest guides as to the normal pulse rate ” Sturgis and 
Tompkins," 0 on finding in three hypeithyioid patients, after treatments, 
but with normal metabolism, pulse rates of 57, 55 and 52, considered 
these abnormally low T It wall be showm in the data given below that 
pulse rates of this ordei are not infrequent 

SOURCE Or MATERIAL 

Unfortunately , we could not base our data on a sufficient number 
of peisonal obsenations, and therefore it is necessary to give the 
sources from which we gathered matenal The work of Benedict and 
Ins associates in Boston is particularly valuable, as the purpose of this 
work was to study normal persons undei basal conditions Prac- 
tically all of the figures on infants, and many of those on adult men 
and women come fiom this source The subjects were all chosen as 
normal controls, and were studied in the postabsorptive state, at least 
twelve houis after the last meal, lying quietly after a rest of at least 
half an hour The exception to this is the infants, who w r ere studied 
immediately after a feeding for the reason that they were quiet at no 
other time, and quiet is moie important than the effect of food One 
very interesting set of observations, the studies of the girl scouts, w^e 
did not consider comparable wuth the other work and were forced to 
omit These groups of twelve girls occupied a large respiration cham- 

28 Read, J M Correlation of Basal Metabolic Rate with Pulse Rate and 
Pulse Pressure, J A M A 78 1887-1889 (June 17) 1922 

29 Hobson, F G A Comparative Study of Basal Metabolism in Normal 
Men, Quart J Med 1G 363-389 (July) 1923 

30 Sturgis, Cyrus C, and Tompkins, Edna H A Study of the Correla- 
tion of the Basal Metabolism and Pulse Rate in Patients with Hyperthyroidism, 
Arch Int Med 26 467-476 (Oct ) 1920 
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ber for the night The girls were warned to be quiet in the morning 
and the pulse was counted twice before they got up or had breakfast 31 
The conditions as regards rest and food were basal, but the two counts 
show such wide variations as to indicate that, m spite of the advice as 
to quiet, there was probably a laige factor of excitement In a second 
series 32 the pulse was counted during sleep, giving figures which prob- 
ably represent the minimal pulse rate, but which aie haidly compaiable 
with counts made while the subject is awake Other figures were 
obtained from the studies of normal persons made by Magnus-Levy 
and Falk 33 (who studied basal metabolism using the Geppert-Zuntz 
method as described in Pfluger’s Ai chives), by Palmer, Means, and 
Gamble, 34 by Blunt and Dye, 35 and by Hobson 20 (working with the 
Benedict apparatus) , and by DuBois 30 and his associates in their 
studies with the Sage calorimeter These workers all describe their 
methods m detail, and no figures were used unless it seemed quite clear 
that the conditions were basal and the subjects noimal Exception has 
been taken to the conditions under which DuBois studied the boy 
scouts These were unusually vigorous boys, who came into the city 
from the suburbs, and who had a small breakfast at 6 30 or 7 00 a m , 
three or foui hours before the experimental period Soderstrom, 
Ban and DuBois have shown that such a breakfast does not affect 
the metabolism after two or three hours, and DuBois states that the 


31 Benedict, F G , and Hendry, M F The Energy Requirements of Girls 
from 12 to 17 Years of Age, Boston M & S J 184 217-230, 257-262, 282-286, 
297-306, 329-334, 1921 

32 Benedict, F G The Basal Metabolism of Young Girls, Boston M & 
S J 188 127-138 (Feb 1) 1923 

33 Magnus-Levy, A Ueber Aufgaben und Bedeutung von Respirations- 
versuchen fur die Pathologie des Stoffwechsels, Ztschr f klin Med 33 258-268, 
1897, Untersuchungen zur Schilddrusenfrage, Ztschr f klin Med 33 269-314, 
1897 Magnus-Levy, A , and Falk, E Der Lungengaswechsel des Menschen 
in den verschiedened Alterstufen, Arch f Physiol , 1899, supplement, pp 314-367 

34 Palmer, W W , Means, J H , and Gamble, J L Basal Metabolism 
and Creatmin Elimination, J Biol Chem 19 239-244, 1914 

35 Blunt, K, and Dye, M Basal Metabolism of Normal Women, J Biol 
Chcm 47 69-87 (June) 1921 

36 Gephart, F C , and DuBois, E F The Determination of the Basal 
Metabolism of Normal Men and the Effects of Food, Arch Int Med 15 835-867 
(May) 1915 Soderstrom, G F , Meyer, A L , and DuBois, E F A Com- 
parison of the Metabolism of Men Flat in Bed and Sitting in a Steamer Chair, 
Arch Int Med 17 872-886 (June) 1916 DuBois, E F The Metabolism of 
Boys Twelve and Thirteen Years Old Compared with the Metabolism at 
Other Ages, Arch Int Med 17 887-901 (June) 1916 Gephart, F C, and 
DuBois, E F The Basal Metabolism of Normal Adults with Special Reference 
to the Surface Area, Arch Int Med 17 902-914 (June) 1916 Aub, J C, and 
DuBois, E F The Basal Metabolism of Old Men, Arch Int Med 19 
823-831 (May) 1917 Soderstrom, G F , Barr, D P , and DuBois, E F The 
Effect of a Small Breakfast on Heat Production, Arch Int Med 21 613-620 
(May) 1918 Olmstead, W H , Barr, D P , and DuBois, E F Metabolism 
of Boys Twelve and Fourteen Years Old, Arch Int Med 21 621 (May) 1918 
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bo)s weie quiet, being allowed to read for pait of the experimental 
peuod Benedict, 1 1 while be does not criticize the breakfast allowed 
the boys, states that in the hi st series muscle activity caused such great 
megulanties m metabolism (sometimes a difference of 12 per cent in 
successne horns) that the conditions cannot be considered basal He 
accepts the expei nnental conditions of the second series 

B) some of the obseueis the pulse was counted with a stethoscope 
while b) otheis it was counted at the wrist Theoretically, in every 
case the count should be made without the subject’s knowledge, prac- 
tically with careful woik, it seems to make little difference In 
examining the records the relative constancy of the basal pulse rate 
lmm minute to minute is veiy sinking In fact, when there are marked 
\anations one suspects that the conditions w 7 ere not tiuly basal 

PRESENTATION OT D\TA 

In assembling oui data w'e have tried to show the findings by a 
scries of charts constructed to show the pulse rates observed for each 
year, both in males and in females These charts are constructed on 
the same scale, using y ears as abscissas, in each case the age being taken 
as that of the nearest birthday, 17 and pulse rates as ordinates The base 
line is placed at 40 because a pulse of 0 is impossible and because it is 
‘'aid that a pulse of less than 40 should arouse a suspicion of heart 
block" 8 Each observation is put down with a symbol to indicate the 
ob«er\cr, and a line is diaxvn to show 7 the general average This line is 
draw n b) inspection, not showing the actual arithmetic average for each 
y car, these a\ crages being given in Table 1, but attempting to indicate 
the general trend We believe that this is a fair piocedure and one 
which show's the situation more accurately than if we gave the sharp 
up and dowm -variations as they appear from year to year There is no 
reason to beliexe that these zigzag variations actually occui, and were the 
senes of cases larger, they would doubtless disappear as m Volkmann’s 2 
senes As w T e shall tiy to make deal in the comment the position of 
the line in pubcity and in old age is open to question We have drawn 
the line tentatively on the basis of present information, realizing that it 
is open to revision when more adequate reports are available 

Table 1 compai es the average pulse rate, not basal, for a large series 
of normal persons, male and female, with the basal pulse rates of normal 
controls and of objectively healthy clime patients The first series is 
taken from Volkmann , 2 the figures for the normal controls under basal 

37 An exception was made in the case of one man and two women over 80 
Here the age was considered to be 80 

38 Lewis, Thomas Clinical Disorders of the Heart Eeat, Ed 5, New York, 
Paul B Hocbcr, 1921, p 5 
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conditions are the averages of the observations shown in the charts , 
while the basal pulse rates of clinic patients were obtained through Di 
C V Bailey, of the Post-Graduate Hospital 

Charts 1 and 2 show the pulse rates of males between the ages of 
1 and 80, with the average drawn in as explained m the foregoing 
Certain points are evident on inspection of the chart, namely, the rapid 
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Chart 1 — Curve of basal pulse rate in relation to age for males, aged from 
1 to 40 years Source of the data is indicated by symbols 
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Chart 2 — Curve of basal pulse rate in relation to age for males, aged from 
40 to 80 years Source of the data is indicated by symbols 

drop during infancy with a more gradual decline during childhood and 
youth to the adult level of 62 at 20 years, at which point the pulse 
remains constant throughout the greater part of adult life with a pos- 
sible slight tendency to rise in old age It also shows the common range 
of variations and the greater, less common variations Other points will 
be discussed m more detail later 
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Charts 3 and 4 show the same thing for females Again one notes 
the rapid drop in early childhood and the more giadual decline during 
latei childhood The adult level, reached at the age of 20 is 69, 7 
beats higher than the aterage foi adult men The variations seem 
somewhat moie marked than m the case of the men, and there is a 
paucity of obseivations aftei 35 yeais which makes the later averages 
of doubtful value 


COMMENT ON DATA 

In oidei to study the staitmg point of the cuive, we studied the 
pulse rate at buth and for the first 18 months of life Most of the 
figures for this penod aie taken from Benedict and Talbot, 14 and we 
ha\e nothing to add to what they have already said and shown At 
birth they found the average pulse rate to be 112, a rate considerably 
lowei than the 130 to 140 usually given as the average foi the fetus 
Dining the fiist week the rate rose approximately to that which we 
find at the end of the first real During this yeai the rate varies in 
difieient persons and at difterent months, but there is no evidence of a 
definite trend, and the monthly variations seem to be without sig- 
nificance In taking the averages for the year, we followed the rule 
which we had adopted for the other ages, using the rates for the months 
which weie neaiest to the fiist birthday Thus we found the average 
to be 116 foi boys and 122 for gals The reason for this difference 
is not clear Townsend,' 10 in a series of 1,000 cases, found the average 
pulse late at full term to be 140 26 for boys and 141 83 for girls As 
there is no constant diffcicnce during the succeeding years, it seems a 
curious coincidence that the sex difference at one year should correspond 
so closely to the cliffci encc that w r e find in adult life 

At the othei end of life the figures are veiy unsatisfactoiy, as few 
obseivations have been made on the pulse rate of the aged We 
have no such scries of cases as was repotted by Pennock, 40 who 
studied 173 men between the ages of 50 and 90, and 203 women 
between the ages of 50 and 115 Out figures show a veiy slight 
increase m the pulse rate of old women and an almost negligible 
increase in that of the old men As it is usually stated that the pulse 
uses slightly in old age, it may be worth while to give Pennock’s figuies, 
which, icpiesenlmg pulse rates tinder umfoim but not basal conditions, 
are comparable only within his own senes 

39 Townsend, C W Some Statistics on the Weight of Infants, Sex and 
Fetal Heart Rate, Boston M & S J 134 484-485, 1896 

40 Pennock, C W Note on the Frequency of the Pulse and Respiration 
of the Aged, Am J M Sc 40 (o s ) or 14 (ns) 68-75, 1847 
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Table 3 — Pulse Rate of Old Age (Pennock) 
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Chart 3 — Curve of basal pulse rate in relation to age for females, aged 
from 1 to 40 years Source of data is indicated by symbols 



Chart 4— Curve of basal pulse rate in relation to age for females, aged 
from 40 to 80 years Source of data is indicated by symbols 

The differences certainly are not marked, and the question of detei- 
mimng which persons of this age have a normal circulatory system is 
difficult Harris and Benedict 7 criticized DuBois’ 36 old men as being 
abnormally healthy, and it is more than likely that no man over 60 is 
perfectly normal Guy 3 realized this difficulty when he stated that the 
pulse rose m age, if feeble as well as robust men were studied 
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The }eais between infancy and old age are those with which we 
aie chief!} concerned, and it is during these years that the pulse rate 
is of special interest We find the basal pulse rate to be 62 for adult 
men and 69 foi adult nomen, figuies which correspond closely with those 
gnen by Han is and Benedict, 7 by Addis, 18 by Korosy, 11 and by Blunt 
and D\c ' These figures are loner than those given by persons who 
studied the puke under lestmg but not basal conditions, a finding which 
"ps picdicted b} Tigerstedt 1 As the lesting conditions given by dif- 
ferent obseiveis vaiv, it is obvious that different gioups of observations 
are not compaiable, and that in establishing a standard it is necessary 
to make the observations undci standard conditions As the condi- 
tions rcquned for basal metabolism woilc are well known and widely 
used the} seem the logical conditions to adopt In speaking of 
the basal puke late basal must not be intei preted to mean min- 
imal foi lowei Kites have been observed during sleep 10 A detailed 
stud} of the sleeping pulse rate would be interesting, but difficult to 
can} out in a large senes, and scaicel} applicable to general use The 
use of the basal pulse rate would make it evident that many careful 
studies undei taken to show the normal pulse rate give no indication 
of the resting noimal, but instead show that, for one reason or another, 
the subjects were not m a stale of rest This applies not only to the 
older work but to much lecent w r ork as that of Burlage, 41 who gives 
average puke iates for a senes of 1,700 girls and finds rates which are 
obviousl} high possiblv indicating that the examination caused a good 
deal of mental distui fiance Basal pulse standards would be of value 
ns a starting point from which to deteimme the influence on the pulse 
rate of vanous factors 

The adult level is leached m both sexes at the age of 20, after a 
decrease in rate throughout childhood and adolescence This decrease 
is more marked m the fust two veais and less marked later Owing to 
the discussion (DuBois and Benedict) as to whether there is an 
increase in metabolism at or just before the time of puberty, the pulse 
rate at this time is intei eslmg (Table 1) The figuies of Volkmann,“ 
which arc not basal and which include observations made on boys and 
girls, show a continuous drop to the eleventh year, a very slight rise at 
the twelfth }ear with an almost constant late foi the next two years, 
followed by a progressive drop to 20 years In this series the prob- 
abilit} of v auctions is reduced by the fact that foi any yeai there are 
from* 54 to 107 observations ICatzenbergei 42 shows no rise at puberty 
for eithci sex, eithci in his observations or in the figures which 

41 Burlage, S R Blood Pressure and Heart Rate m Girls During Adoles- 
cence, Am J Physiol 64 252-284 (April) 1923 

42 Kat 7 enbergcr, A Puls und Blutdruck bei gesunden Kmdern, Ztschr 

f Kindcrh 9 167-195, 1913 
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he collected from various sources Our figures for boys show a use 
at the thirteenth and fourteenth years, but the number of observations 
is small and most of them are those observations on the boy scouts 30 
which Benedict 14 criticized as not made under basal conditions A 
similar rise is observed m the case of Bailey’s figures for clinic patients 
We can show no rise for girls, but it is interesting to note that if we 
included Benedict and Hendry’s 81 figures on the waking girl scouts, 
such a rise would be present, while if we used the figures obtained 
while the girls slept, 82 there would be a definite drop In order to 
settle this question we believe that it is necessary to have a large 
number of notes made by one observer under strictly basal conditions 
For each period we must note, not only the average pulse rate, but 
the usual range of variations, realizing that this does not represent the 
limits of normal variation, but the ordinary differences which one is 
likely to find in any group of persons As MacKenzie 5 says “The 
pulse rate varies very considerably according to age, sex and individual 
peculiarities ” Guy 3 gave the usual range of variation as 43 beats for 
men and 48 beats for women, but much greater variations are noted 
This variation is shown in the charts and scarcely needs comment 
In men, the usual pulse is between 50 and 70, a total range of 20 beats , 
rates under 50 and over 80 are decidedly uncommon In women the 
usual pulse is between 60 and 80 beats to the minute, rates between 
50 and 60 and between 80 and 90 occur occasionally , rates over 90 are 
rare , and no rate less than 50 was observed in this series In a larger 
series it is probable that in a few cases a wider variation would be 
noted For the first year the rates, for boys and girls alike are grouped 
between 108 and 128, but wide variations are noted, the range for boys 
being from 95 to 145, for girls from S4 to 165 During the second 
year the extreme variations for boys are fiom 84 to 127, for girls from 
70 to 132 In the third year no rate over 110 was noted for either sex 
The difference between the pulse rate of men and of women is a 
matter of common knowledge and everyday observation This differ- 
ence does not depend on activity, but exists under basal conditions 
In women the effect on the pulse rate of the menstrual cycle 43 has 
been considered and found to be inconstant or negligible, therefore it 
need not be considered m discussing these curves The sex difference 
in pulse rate m childhood is very slight, and from the second to the 
tenth year we are able to show no constant and convincing difference 44 
After that, the rate is six or seven beats higher in the female, a differ- 
ence which is rather less than we find given in most of the references 

43 Zuntz, L Untersuchen uber den Einfluss der Ovarien auf den Stoff- 
wechsel, Arch f Gynak 78 106-136, 1906 

44 Observations made by us since writing the foregoing indicate that there 
is a sex difference in the average basal pulse rate below the age of 10 years 
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in the literature Guy s gives a diffeience or from 6 to 14 beats 
at different periods, the average being 9 The important point, 
hoveter, is not the numerical difference, simply the fact, long recog- 
nized, that the pulse of women is slightly more rapid and slightly more 
variable than that of men 

Through the kindness of Dr Cameron V Bailey of the Post- 
Graduate Hospital, i\e had access to his figures on a large series of 
basal metabolism deteimmations Omitting all patients with a defi- 
nite diagnosis, an abnoimal metabolism, or any thyroid or cardiac 
disturbance, we obtained data on 301 supposedly normal males 
between the ages of 4 and 67, and 364 females between the ages 
of 4 and 68 We did not include these figuies in our series because 
persons referred to a clinic are not those who would be selected 
as normal controls We have used these figures for purposes of 
comparison, and find that the curve representing the average pulse 
rates for difierent years follows the same line as that for the nor- 
mal controls but that it is always fiom 6 to 12 beats higher The 
axcrage foi adult men is 73, 11 beats higher than that for the normal 
controls, while the a\erage for women is 77 as compared with 68 
There appears to be a slight rise at the time of puberty in the case of 
the bo)s, but no use is noted in the case of the girls The lange of 
\anations is slightly gi eater in the clinic patients than m normal sub- 
jects The i cason for these differences is not perfectly clear, but it 
may be that minor disturbances of the type which cause a patient some 
tioublc but w'hich remain undiagnosed by the doctor will cause a slight 
acceleration of the pulse late Possibly it is due to neivousness, the 
clinic patient expecting the doctor to find something wiong with lum, 
while the normal conti ol consents to the test to oblige the doctor 

The age curves of basal pulse rate and basal metabolic rate have 
been brought together in Chart 5 for purposes of comparison The 
curve of metabolism of Aub and DuBois 8 is used Since only the gen- 
eral outlines aie discussed heie, the statements are applicable as well to 
the standards of Hams and Benedict 7 The rise indicated m the metabo- 
lism cun c at puberty is not spoken of because it is the source of some 
difference of opinion on which the data can shed no light 

Superficially, the changes m pulse rate with age are similar to the 
changes in the metabolic rate with age Both curves are high in infancy 
as compared with adult life The resemblance would be even greater 
if the age-curve of metabolism picpared by Benedict 45 were used, since 
the highest point is moie narrow and is placed at an earlier age, between 

45 Benedict, F G Energy Requirements of Children from Birth to 
Puberty, Boston M & S J 181 107-139 (July 31) 1919 
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1 and 2 years In the two sexes there is a difference of 10 per cent m 
basal pulse rate (about 7 1 beats per minute) and of 7 per cent m basal 
metabolic rate 

On short examination, however, a number of differences are seen 
The pulse is high in infancy while the metabolism is as low as that of 
adults This discrepancy is even more marked m the premature infants 
studied by Talbot, Sisson and Moriarty, 17 in which the metabolism was 
exceptionally low while the pulse rate was even higher than that of the 
fetus In adults the pulse rate remains the same, while metabolic rate 
drops at a slow but constant rate through life In regard to sex differ- 
ences, while the amount of difference in pulse rate and metabolism is 



Chart S — Curve of basal pulse rate for males, aged from 1 to 80 years, from 
Charts 1 and 2, above, compared to the curve of basal metabolism per square 
meter of body surface hourly for males, from Aub and DuBois 


numerically similar, males with lower pulse rate have higher metabolism 
and women with higher pulse rate have lower metabolism This is con- 
trary to the changes m subjects in whom the highei pulse rate is asso- 
ciated with metabolism also high 

This discussion is based on 736 obseivations made under the strict 
basal conditions used in experimental work by well known observers 
The curve for males includes 361 observations, the curve foi females, 
375 As has already been mentioned, not all age groups are equally 
well represented In making the average Tor adult males, 146 observa- 
tions were used , for adult females, 85 observations were used The 
average rate at one year was based on 62 and 58 observations, respec- 
tively, for males and females 
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Y\ e bche\e that a knowledge of the basal pulse late and the normal 
\anations at all ages is of impoitance to the mci easing numbei who 
make and mtcipiet basal metabolism deteinunations Evidence is accu- 
mulating lliat the pulse late is a lough guide to the metabolism A num- 
bei of the pci sons \isiled by a physician weie lesting m bed, and had 
taken no food foi a numbei of houis Under these cncumstances, a com- 
panson of the pulse late to the aveiage found undei basal conditions is 
more accuialc than companson to the old values deteinnned under con- 
ditions of paitial lest 

CONCLUSIONS 

1 The a\eiage basil pulse late, in adults aged fiom 20 to 40 years, 
is 62 foi males and 69 foi females 

2 The .ncragc basal pulse late at 1 yeai is 116 for males and 122 
foi females 

3 The cune of axeiage basal pulse late diops lapidly foi the hist 
thicc \cais of life, then less lapidly to the adult level leached at 20 yeais 
of age 

4 The \,uiabiht\ of the pulse late under basal conditions is gieatei 
in children than in adults, and gieatei in females than in males 

5 The a\ ci age ha^al pulse late of females is gieatei than that of 
males at all age pcnocK aftci 10 jeais in the data assembled here It 
\ancs ftom 4 to 11, with an aieiage of 7 beats a minute 
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During the last four years, the prevalence of encephalitis with its 
attendant diagnostic difficulties has brought out the importance of die 
quantitative deteimmation of sugar in the spinal fluid Kraus and 
Pardee 1 state that they found this the one finding of any positive value 
m a large percentage of spinal fluids from encephalitic patients Because 
of the stress laid on this point in the literature, we started making 
routine sugar determinations on the spinal fluids m all cases in which 
the possibility of encephalitis was considered (Table 2), but we soon 
found that we had no way of knowing whether the figure obtained for 
the sugar content of the spinal fluid was normal The literature gave 
us no help because of the great variation in the figures given for the 
normal sugar content in spinal fluid 

We therefore undertook a study of the sugar content of the cerebro- 
spinal fluid with particular attention to the following points 

1 Does the sugar content of the cerebrospinal fluid remain constant 
in the same individual? 

2 Is there a level which, within reasonable limits, might be con- 
sidered normal for different individuals? 

3 Is there any relation between the sugar content of the cerebro- 
spinal fluid and that of the blood and, if so, is this relationship constant? 

4 What influence has the ingestion of carbohydrates on the sugar 
content of the cerebrospinal fluid, and on the relation between the 
sugar content of the cerebrospinal fluid and the blood? 

5 If there is a definite relation between the sugai content of the 
cerebrospinal fluid and the blood, what variations from this relation are 
found m pathologic conditions of the central nervous system, and can 
these changes be attributed to any definite causes? 

In our work, the figures are given in milligrams per hundred cubic 
centimeters of cerebrospinal fluid or blood, as determined by the Bene- 
dict colorimetric method 


* From St Luke’s Hospital 

1 Kraus, W M , and Pardee, I H Arch Neurol & Psychiat 5 710 
(June) 1921 , Acute Epidemic Encephalitis, Tr A Research in Nervous and 
Mental Diseases, 1921, p 99 
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1 INDIVIDUAL VARIATIONS IN THE SUGAR CONTENT OF THE 

CEREBROSPINAL TLUID 

Oui results w ould indicate that the sugar content of the cerebrospinal 
fluid is not constant m the same individual As shown by the tables, 
estimations made on successn e mornings after a night’s fasting showed 
•variations of fiom 4 to 16 mg 

a SUGAR CONTENT LEA LL OF THE CEREBROSPINAL TLUID IN 

DlTIERENT INDIVIDUALS 

Most investigators have assumed that theie is a level of sugar content 
of the cerebrospinal fluid which, within icasonable limits, might be con- 
sidered normal 1 hat there is some erroi m this assumption is indicated 
bv the great vanation m the conclusions of different investigators as to 
the normal figure, and aho bv the wide vanation of the normal figuies 
given bv each of scvci.il persons Nawratzki 2 3 4 5 (1897) considered 46 
mg pci bundled cubic ccntimetcis of spinal fluid as normal In 1909, 
von Inkwell reported tvventv cases with the sugar content of the cerebro- 
spinal fluiue ranging between 60 and 80 mg per hundred cubic centi- 
meters of spinal fluid In 1912, Mesticrat 6 7 8 9 concluded that the normal 
level varied between 48 and 53. and, in 1920, Mane and Mestiezat 1 
showed that their idea was unchanged In 1913, Kopetsk} J reported 
eight eases with an aveiage of 46 In 1915, Hopkins, 0 using the 
modified Hang’s mieromethod, concluded that the normal level was 
between 60 and 75 In 1921, Coope ' icported the sugar content of the 
ceicbrospmal fluid of three noimal people at 64, 69 and S3 He did not 
state the time of taking the fluid In 1921, Foster, 6 using the Folm-Wu 
method, reported the variation in tw cut) -two noimal spinal fluids as 
Iving between 44 2 and 61 4, with an average of 52 8 In 1923, Kelley 0 
concluded fiom a ‘Uudv of the sugar content of the spinal fluids in 1,000 
cases that the sugui content of normal spinal fluid lies between 40 and 
95 mg pei bundled cubic ccntimetcis of cerebrospinal fluid He makes 
no statements ns to the time at which the spinal fluids were taken, or as to 
the relation to the blood sugar 

2 Navvrntrki Zur Kcnntmss dcr Cerebrospinal fiussigkeit, Ztschr f 
plnsiol Cliem , 1897, p 533 

3 Mestrerat J de phjsio! ct de path gen, Paris, 14 504, 1912 

4 Marie, P, and Mcstrczat Bull de l’Acad de med , Paris, 83 103 
(Feb 3) 1920 

5 Kopctskv Ztschr f Olircnh 68 1-19, 1913 

6 1-Iopkms Am J M Sc 150 S47 (Dec ) 1915 

7 Coope, K Quart J Med 15 1 (Oct) 1921 

8 Foster, Ii E Hypergbcoraclua in Encephalitis, J A M A 76 1300 
(May 7) 1921 

9 Kellcv, A G Serology of Spinal Fluid and Blood in Encephalitis, 
Southern M J 16 407 (June 23) 1923 
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Our figures indicate that there is no normal level for the sugar con- 
tent of the cerebrospinal fluid, except within very wide limits In the 
ordinary cases, the figuies varied from 40 to 77 mg per hundred cubic 
centimeters of cerebrospinal fluid In disturbances of the central 
nervous system (Table 4), the sugar content varied from 47 to 105 mg 
per hundred cubic centimeters Cases of cerebrospinal syphilis (Table 
5) showed variations of from 38 to 74 mg per hundred cubic centi- 
meters In the diabetic cases with no pathologic condition of the central 
nervous system, the figures ranged from 80 to 200 mg per hundred 
cubic centimeters (Table 7) 



Chart 1 — Blood and spinal fluid sugars before and after breakfast 

3 RELATION BETWEEN THE SUGAR CONTENT Or THE CEREBRO 
SPINAL FLUID AND THE SUGAR CONTENT Or THE BLOOD 

Notwithstanding this wide variation in the sugar content of the 
cerebrospinal fluid, the charts appear to show a definite relation between 
the cerebrospinal sugar and the blood sugar But few investigators hai e 
suggested a definite relationship between the blood sugar and the cerebro- 
spinal fluid sugar Hopkins G appears to have been one of the first, if 
not the first, to notice that there was some relation between the sugar 
content of the cerebrospinal fluid and of the blood Using the modified 
Bang’s micromethod, he concluded that the noimal spinal fluid sugar 
level was between 60 and 75 Although his figures varied so greatly 
that his idea was far from proved, he concluded that the normal spinal 
fluid sugar was approximately 10 mg less than the blood sugar 
Neuberg stated that the spinal fluid sugar was the same as that of the 
blood In 1916, Weston, using the method of Myers and Bailey, found 
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m a senes of experiments that the ceiebiospmal fluid sugais varied 
from 60 to /0, with the blood sugars in the same cases varying between 
100 and 120 The lelative times of taking the cerebrospinal fluid and 
the blood were not stated ho\\e\ei 

The more iccent figmes in the literature disagree entnely with the 
conclusions of Ilopkins and Ncubeig Fiom the figures given b} 
Thalheimcr and Updegrafl 10 (1922) in icporting the spinal fluid 
sugais and the blood sugais of six noimal cases, we find the lesults 
gnen m Table 1 Toth spinal fluid and blood were taken before bieak- 



Clnrl 2 — Blood and spinal fluid sugars before and after glucose tolerance 
tests 

fast, aftet a night’s fasting 1 hese cases show r a fairly constant pei- 
cental relation between the sugai content of the spinal fluid and of the 
blood, the a\eiagc figuie being 46 pci cent This finding agrees with 
the conclusion of Wilcox and Lyttlc 11 (1923) that the normal cerebro- 
spinal fluid sugar is, with some \anation, half that of the blood sugar 

Palonavski and Duhot (1923) showed a definite relation between 
the sugar content of the ceiebiospmal fluid and of the blood By their 
method of determination of blood sugars, the blood sugars, in a senes 

10 Hi llhemicr, W, and Updcgiaff, H Comparison of Several Clinical 
Quantitative Blood Sugai Methods, Arch Neurol & Psycluat 8 15 (July) 1922 

11 Wilcox, H B, and Lyttlc, J D Arch Pediat 40 215 (April 23) 1923 

12 Palonai ski, M, and Duhot, E Presse med 31 60 (Jan 20) 1923 
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Table 1 — Spinal Fluid Sugais and Blood Sugais in Six Normal Cases 

(Thalhemtet and Updegi aff) 



Case 

1 

2 

3 

4 

5 

6 




Blood Sugar 

135 

158 

129 

115 

117 

Percental Relation 
Spinal Fluid Spinal Fluid Sugar 
Sugar to Blood Sugar 

55 40 7 

74 46 4 

63 48 8 

64 

53 46 0 

56 47 8 




Table 2 

— Spinal Fluid Sugais 









Spinal Fluid 







r 

Cells 



Was 

_ 







A 


■v Glob 

ser 



No 

Age 

Diagnosis 

Date 

Total 

P* 

B * 

ulin 

mann Sugar Remarks 

1 

59 

Encephalitis 

3/30/23 



2 

+ 

0 

71 

Necropsy, many cere 




4/ 7/23 



2 

0 

0 

74 

bral hemorrhages 




4/11/23 

11 

4 

7 

0 

0 

58 





4/19/23 

22 

3 

19 

+ 

0 

53 


2 

11 

Encephalitis 




4 

0 

0 

74 


3 

26 

Encephalitis 

2/14/23 

so 

4 

26 

4 - 

0 

53 





2/21/23 

27 

2 

25 

+ 

0 

53 


4 

30 

Encephalitis 

1/ 4/23 

43 

2 

41 

0 

0 

67 





1/ 5/23 

18 

2 

17 

0 

0 

61 





3/11/23 



t 

+ + 

0 

60 





3/12/23 



4 

0 

0 

63 


5 

30 

Encephalitis 

1/23/23 



15 

0 

0 

80 




(striate and 

1/27/23 



14 

0 

0 

95 




psychic type) 









6 

31 

Postencephalitic 




5 

+ 

0 

50 




asthenia 









7 

13 

Tuberculous 

9/14/23 

60 

10 

90 

++++ 

0 

Too small 


mos 

meningitis 







to estimate 

8 

36 

Tuberculous 

8/2S/23 

195 

127 

6S 

++ 

0 

57 

Positive in guinea 



meningitis ? 

8/30/23 

111 

11 

100 

+++ 

0 

46 

pig, December 1, pa 




9/ 2/23 

195 



+ 

0 

57 

tient alive, up and 











about 

9 

60 

Pachymeningitis 

3/15/23 


1 

4 

0 

0 

71 

Necropsy 



internal hemor- 


9 

2 

4 

0 

0 

SO 

(Red blood cells 3) 



rhagica 









10 

10 

Poliomyelitis, 

8/17/23 

13 

2 

11 

+4* 

0 

40 




facial paralysis 

8/20/23 

16 

4 

12 

++ 

0 

24 

After serum 





7 

1 

6 

++ 

0 

48 


11 

39 

Carcinoma of 

10/10/23 



5 

+ 

0 

70 

Spinal fluid bloody 



bronchus with 

10/17/23 

530 



+++ 

0 

20 

After serum 



edema of brain 








(necropsy) 

12 

13 

Acute ileocolitis 

9/16/23 



5 

0 

0 

50 



mos 

(encephalitis?) 

9/23/23 



1 

0 

0 

53 


13 

9 

Infected left 




47 

0 

0 

44 




antrum 









14 

16 

Epilepsy 




4 

+ 

0 

62 


15 

50 

Chronic tonsillar 




4 

0 

0 

40 




and oral sepsis 









16 

40 

Malta fever 


5 

1 

4 

0 

0 

43 


17 

41 

Syringomyelia 


13 

6 

7 

0 

0 

50 

Blood in spinal fluid 

18 

23 

Malignant endo- 

2/ S/23 

268 

236 

32 

+ 

0 

63 

Necropsy 



carditis (staphy- 











lococcus), with 











hemiplegia 









19 

53 

Cerebrospinal 

1/15/23 

490 

302 

88 


0 

42 

Spinal fluid contained 



syphilis with 








liemolyzed blood 



optic atrophy 








On 10/12/24 blood 



(treated) 








Wassermann reac 











tion was ++++ 











and spinal fluid 











Wassermann 0 


* In this and the following tables, P , under cells, indicates polvmorplionuclenrs, and L 
lymphocytes 
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of oichnaiy cases, langed fiom 52 to 88, which was unifoimly slightly 
higher than the spinal fluid sugais which langed fiom 45 to 85 The 
administration of epmephim to patients giving a hyperglycemia pro- 
duced a use in the spinal fluid sugai, which did not return to normal 
until after the blood sugar had returned to noimal They concluded 
that the i elation between the spinal fluid sugai and the blood sugar was 
important, but that the spinal fluid sugai figuie alone was not of value 
Our figuies m Table 9 would indicate that the findings of Thal- 
hcimei and Updegiafi, 10 which aie borne out by Wilcox and Lyttle, 11 
are essentially correct The percental relation of spinal fluid sugar to 
blood sugar in the sixteen determinations m the ordinal y cases falls 

T \BLn 3 — Spinal Fluid and Blood Sugais in Ordinary Cases 


, Percental 

Spinal riuid Relation 

* , Spinal Fluid 


Xo 

Ape 

Diagnosis 

Cells 

Glob- 

Wasscr- 


Blood 

Sugar to 

L 

ulin 

mnnn 

Sugar 

Sugnr Blood Sugar Remarks 

1 

0". 

Arteriosclerosis 

1 

0 

0 

49 

105 

47 

r> 

51 

Bronchi ll nsthm i, 
chronic nrdlo\ ns- 

1 

0 

0 

43 

SS 

49 



ctilnr disease 







*> 

TO 

Chronic c mllowis 

o 

± 

0 

02 

IIS 

52 



cular disease 







4 

CO 

Cnrdinc hypertrophy 

n 

+ 

0 

55 

100 

55 



and decompensation 




45 

90 

50 

5 

25 

Chronic cnrd!o\ n» 

0 

0 

0 

57 

100 

57 



ctilar disease 







0 

04 

Cancer of the stomach 

4 

-1 

0 

52 

105 

50 

T 

or. 

Cancer of sigmoid 

3 

0 

0 

55 

105 

52 

S 

49 

Colitis 

0 

+ 

0 

40 

SO 

40 

0 

4S 

Duodenal ulcer 

1 

+ 

0 

77 

118 

G5 

10 

53 

U\ pcrtinsion, chronic 

1 

+ 

0 

07 

105 

03 


nephritis 






57 

11 

55 

H\ perucldin 

1 

d 

0 

4S 

84 

12 

on 

Chronic polj arthritis 




50 

100 

50 

IS 

CO 

'1 uherculosls of lunps 

1 

0 

0 

4S 

95 

50 Blood Wnsser 



and spine, tertinrj 






mnnn d-d-d-d- 



stphllifc 



\nticom 




14 

52 

Buoden tl ulcer 

5 

+ 

5-1 

95 

57 


plcmentnr\ , prob 







nblj negative 



15 

1G 

I obnr pneumonia 

1 

0 

0 

51 

110 

45 


within the limits of 45 and 65 pei cent , giving an average figuie of 53 
pei cent Of the eight determinations m the tieated ceiebrospinal 
s) philis cases, all but one lie between 45 and 65 per cent, giving an 
average of 55 per cent The six dctci minations in the diabetic cases also 
fall between 45 and 65 pei cent , with an aveiage figuie of 55 per cent 
Of the twelve detenu. nations m oidinary diseases of the central neivous 
system (Table 4), only one lies below 45 and two above 65 pei cent, 
giving an aveiage figuie of 5 7 7 pei cent We find, theiefore, that, in 
a total of foily-two detei minations, only one lies below and three above 
the limits of 45 and 65 per cent , the aveiage being 54 8 per cent This 
constant pei cental i elation is found notwithstanding the great variation 
m the sugar content of the ceiebrospinal fluid and of the blood, as 
expressed in milligrams per hundred cubic centimeteis 
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These figures would indicate that there is a definite relationship 
between the cerebrospinal fluid sugar and the blood sugar, and that the 
figure representing this relationship, stated as the percental relationship 
between the two, is relatively constant, lying between 45 and 65 per cent 
This may be considered a reasonable variation, provided determinations 
are made on both blood and cerebrospinal fluid taken at the same tune, 
after a night’s fasting 

4 INFLUENCE OF THE INGESTION OF CARBOHYDRATES ON THE 
SUGAR OF THE CEREBROSPINAL FLUID AND ITS 
RELATION TO THE BLOOD SUGAR 

In 1920, Isamu Ino 13 worked out carefully in rabbits the effect of 
the carbohydrate intake on the sugar content of the cerebrospinal fluid 


Table 4 — Pathologic Conditions of the Ccntial Neivous System Without Change 
of Relation of Cci cbio spinal and Blood Sugai Content 


Spinal Fluid Percental 

, — * — — , Relation 

Was- Spinal Fluid 

Glob ser- Blood Sugnr to 

No Age Diagnosis Cells ulin mann Sugnr Sugnr Blood Sugar RenniLs 


1 

53 

Cancer of stomach 
with hemorrhage 
into floor of 4th 
ventricle 

1 L 

0 

0 

2 

70 

Hemiplegia, cere 
bral thrombosis 

2L 

4- 

0 

3 

43 

Hemiplegia 

30 

P 13, L 17 
G 

P 2, L 4 

+ 

+ 

0 

0 

4 

19 

Manic depressive 
psychosis 

4 L 

0 

0 

5 

40 

Unexplained head- 
aches chronic 
malaria 

1 L 

0 

0 

6 

28 

Alcoholic neuritis 

5 L 

4- 4- 

0 

7 

64 

Urticaria, uremia 

2 L 

0 

0 

8 

72 

Uremia, auric fib 
rillation 

5 L 

0 

0 

9 

59 

Uremia, auric fib- 
rillation 

6 

P5,I1 

4- 

0 

10 


Uremia, chronic 

1 L 

0 

0 


glomerular ne 
phntis, hypertension 


47 

100 

47 

Necropsj 

52 

100 

52 


57 

100 

57 

Fluid contained hem 
olyzed blood 

53 

87 

61 

Fluid jellow 

50 

80 

62 


57 

83 

69 


57 

S3 

69 


74 

118 

62 

(In delirium) 

64 

us 

53 

(Normal) 

83 

1SS 

44 

No glycosuria 

67 

105 

63 

Spinal fluid bloody 

103 

200 

52 

No glycosuria 


and the relation between the changes resulting and the changes in the 
blood sugar In his woik, the blood sugar reached its highest point 
immediately after the intravenous injection of the carbohydrate — 1 gm 
of glucose, galactose oi lactose per kilogram of body weight — returning 
to normal within an hour The spinal fluid sugar did not reach its 
maximum until one hour after the injection, and then required four 
hours to return to normal 

Due to the impiacticabihty of doing any great number of lumbar 
punctures on any one patient, we were unable to obtain any curves of 

13 Ino, Isamu Acta Scholae Medicinalis, Umv Kioto, No 4, March 25, 
1920-192 3, p 609 
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gicat length, but the changes we obseived m out woik did not take place 
as lapidly and weie not as gieat as those obtained by Ino in his woik on 
labbils This is piobably explained by the fact that, in his woik with 
labbits, Ino took the ceiebiospinal fluid fiom the base of the skull Any 
changes due to fluid of a difieient composition coming fiom the choioid 
plexus should legistei moie quickly theie than in the fluid obtained fiom 
the lumbai legion m man, both because of the lessei distance of flow 
and the smallei quantity of the original spinal fluid by which it would 
be diluted 

In oui woik, blood and ceiebiospinal fluid weie taken at the same 
time aftei the patient had fasted ovei night An oidinaiy hospital 

T \nu 5 — Pathologic Conditions of the Ccniial Nctvous System in Which 
Change v Havi Bicn Revolted w the Ceiebiospinal Fluid Sugai 


Spinnl riuid 


Wns 
Glob ser 


Blood 


Percentnl 
Relation 
Spinnl Fluid 
Sugnr to 


\(> 

\RC 

111 \gnO‘-i‘: 

Dntc 

Cells 

ulln 

nmnn Sugar Sugnr 

Blood Sugnr Remarks 

1 

2<) 

} net phnlitb 

11/15/23 

SL 

+ + 

0 

54 

DG 

50 





1U2S/23 

11 

P r . LG 

-M 

0 

70 

105 

GO 





12/10/23 

11 L 

-1 + 

0 

50 

103 

53 



70 


13/10/23 
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hi cak fast oi the i online glucose test of 1 5 gm of glucose pei kilogram 
of body weight was gnen the patient, and the blood and spinal fluids 
taken simultaneously befoie and at different penods aftei waid, as 
indicated in Table 8 

In every case, lliei c was a small but definite rise m the cei ebi ospinal 
fluid sugai content I his vaned fiom 7 to 16 mg m the five cases The 
use m blood sugai was lempoiary only, so that cei ebrospmal fluid with 
an mci cased sugar content would be “secieted” only dm mg that penod 
This would then be diluted by the fluid alieady piesent, and the use 
as noted in the fluid from the lumbai region would not only be deci eased 
by this dilution, but also would appeal latei than the use in the blood 
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sugar content, as the fluid with the higher sugar content must flow or 
diffuse down to the lumbar region 

In our five cases, the rise is small as compared to the rise in the 
blood sugar, but it is constant and definite As in the case of Ino’s 
rabbits, the maximum rise occurs some time after the maximum rise in 
the blood sugar In the one case which we ran for six hours, the 
maximum rise was reached at the end of four hours with the return to 
normal at the end of six hours 



Chart 3 — Blood and spinal fluid sugars before and after glucose tolerance 
tests 

The extent to which the relation of cerebiospmal fluid sugar to 
blood sugar is disturbed by the ingestion of carbohydiate is shown by 
the figures m Table 8 The percentages, instead of lying between 45 
and 65, range from 33 to 82 That this is due both to an early rise in 
the blood sugar and a late rise m cerebrospinal fluid sugar is shown by 
the fact that the range is both lower and higher than the fasting rela- 
tionship The fact that the percental relationship between the cerebro- 
spinal fluid sugar and the blood sugai is thrown off by food intake 
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demonstrates the necessity of making these determinations at the same 
time after a night’s fasting Detei initiations made at other times are 
of no value 


5 VARIATION OT PERCENTAL RELATIONSHIP IN PATHOLOGIC 
CONDITIONS OF THE CENTRAL NERVOUS SYSTEM 

The literature contains many reports of the sugai content of the 
cerebrospinal fluid in pathologic cases With a few exceptions, these 
appear to have but little value, and m most of these cases no attempt 
is made to show whether or not the blood sugar was normal In only 
one instance were uniform conditions used m taking the blood and 
spinal fluid 


Table 6 — Spinal Fluid and Blood Sugars m Cerebi osptnal Syphilis 
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It has been definitely shown that, in meningitis due to tuberculosis, 
staphylococcus or meningococcus, there is nearly always an actual fall 
in the cerebrospinal fluid sugar In 1895, Quincke 14 reported that the 
reducing substances in the spinal fluid may disappear in meningitis 
Article^ by Coope, 7 Thalheimer and Updegraff, 10 and Wilcox and 
Lyttle 11 contain typical figures for meningococcus, staphylococcus and 
tuberculous meningitis cases In the two latter ai tides, the authors 
showed that this decrease was unaccompanied by a decrease m the blood 
sugar, demonstrating that there is an actual fall m the percental relation 
of the sugar content of the blood and of the cerebrospinal fluid The 


14 Quincke Ucbcr Lumbal punktion, Berl klm Wchnschr , 1895, No 41 
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fall in the sugar content of the cerebrospinal fluid and the fall m the 
percental relation of the sugar contents of the blood and of the cerebro- 
spinal fluid are noted in Case 7 of Table 2 and m Case 4 of Table 5 
Case 8 of Table 2 was probably a mistake in diagnosis as the subsequent 
course of the case would make the diagnosis of anterior poliomyelitis 
much more probable, although injection into a guinea-pig resulted m 
positive tuberculous lesions The spinal fluid sugar findings bear 
this out 

It is interesting to note that the cerebi ospmal fluid sugar was 
lowered by the injection of antimeningococcus serum (Table 2) This 
was probably due to dilution, although Ino, 13 m a series of experiments 
on human cerebrospinal fluid, in test tubes and in rabbits, showed that 
the reduction of spinal fluid sugar was proportionate to the number of 
white blood cells per cubic millimeter, and that all bacteria excited more 


Table 7 — Spinal Fluid and Blood Sugais in Diabetic Patients 
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oi less decomposition of the sugar in vitro, but not m proportion to the 
number of bacteria per cubic centimeter He also showed that, in 
rabbits, the spinal fluid sugar was not reduced by starvation unless the 
rabbits were m a weakened condition 

In work with other cases, these investigators found no important 
lowering of the cerebrospinal fluid sugar, except m one type of cases 
In 1923, Kelley 9 reported an average sugar content of the spinal fluid 
of 21 mg per hundred cubic centimeters in 195 untreated cases of 
syphilis of the central nervous system , after treatment, m 100 cases, the 
average was 62 Our one case of untreated cerebrospinal syphilis gives 
a low figure and low percentage, agreeing with the figures of Kelley 
The treated cases fall within normal limits 

Epidemic encephalitis is the disease m which the greatest amount 
of work has been done on the changes in cerebrospinal fluid sugar In 
1920, Dopter 15 reported a case with a cerebrospinal fluid sugar of 85, 


15 Dopter, C Bull de l’Acad de med 83 203 (March 2) 1920 
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from which he concluded that the high sugai content was of diagnostic 
importance in difteientiating the disease from acute or tuberculous 
meningitis, but that it was not pathognomonic 1101 even a constant finding 
in encephalitis lethaigica 

In 1920, Ncttci lb lcpoited six cases with cei ebrospmal fluid sugar 
figures \anmg fiom 70 to 97, with an average of 86 In 1920, Laporte 
and Rouzaud 57 icpoited twelve cases in which the cei ebrospmal fluid 

Tmili 8 — Flood and Spinal Fluid Sugai Content Aflci Ingestion of Glucose 
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sugar \aried fiom 66 to 101, giving an aveiage of 88 Coope 7 found 
ninety-two cases lcported in the htciatme of 1920, in which only seven- 
teen, or 18 per cent , showed figuies of 55, or less The variations were 
as follows Se\en cases showing fiom 100 to 110 mg of sugar per 
hundred cubic centimeters of spinal fluid, thnteen cases showing from 
90 to 99 mg , twenty-five cases showing from 80 to 89, twenty, from 
70 to 79, eight, fiom 60 to 69, twelve, from 50 to 59, six, from 40 to 
49, and one fiom 30 to 39 

In 1921, Fostei 8 rcpoitcd eleven cases of encephalitis lethargica, m 
six of which blood sugar estimations were made The relative time of 

16 Ncttcr, A Bull et mem Soc med d hop de Paris 44 441 (March 

26)i7 92 Lnporlc and Rouzaud Bull et mem Soc med d hop de Paris 44 422 
(March 19) 1920 
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taking the blood and the cerebrospinal fluid was not stated Using the 
Folm-Wu method, the cerebrospinal fluid sugars varied from 53 5 to 
113, and the blood sugars from 70 to 100 Of these spinal fluid sugars, 
only one came within the limits found m the sugar content of twenty-two 
normal spinal fluids, although the blood sugars lay within the normal 
limits 

In 1921, Kraus and Pardee 1 reported twelve cases of encephalitis 
lethargica with cerebrospinal fluid sugars varying from 62 to 95 Of 
these cases, all but two had blood sugars below 120 , m these two cases, 
the blood sugars were 143 and 190 These investigators thought that 



Chart 4 — Blood and spinal fluid sugars before and after glucose tolerance 
tests 


encephalitis caused vascular lesions which made the walls more per- 
meable to sugar In the same year, Coope 7 reported eleven cases of 
encephalitis lethargica, with spinal fluid sugars varying from 54 to 94, 
the average being 74 

Hirsch 18 (1921) thought that the high spinal fluid sugar might be 
due to hyperglycemia, since the intravenous injection of bacteria m 
animal experimentation gave a hyperglycemia He also stated that acute 
infectious diseases caused a hyperglycemia This would be indicated by 
the cases reported by Thalheimer and Updegraff 10 (Table 10), as the 
percental relation between the spinal fluid sugar and the blood sugar is 


18 Hirsch, E F J Infect Dis 29 40 (July) 1921 
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T vbu. 9 Pcrcu.ta! Relation of Spinal Fluid Sugai to Blood Sugai m All 

Cases Studied 


Number of 
Detirmf 


Ciue 

Ordimn 

Pntholorlc conditions of cen 
tral nen ou« system without 
change in relation 
'treated central nenous «\ = 
tern s\ plilli- 
Dinbcti < 


Ateragc 


Number of Cases with Relation 


n itions Relation, 


per Cent per Cent per Cent per Cent per Cent 


TvnLt. 10 — Rt suits Obtained by Thalhcmcr and Updcgraff in I York on 

Cnccphalitis Cases " 


Percental Relation 





Spinal Fluid 

Spinal Fluid Sug ir 

Number 

'I line T ikon 

Blood Sugar 

Sugar 

to Blood Sugar 

I 

Utcr lire ikfa c t 


161 



Before bre il fast 

2 97 

177 

57 

> 

\ftcr break! i«t 

is: 

126 

69 


Before l>roakfn«t 

i% 

134 

GS 


Before »>-e ltfast 

20S 

117 

56 


Before breakfast 

r>o 

71 

47 

*5 

Before Ireakfast 

174 

S9 

51 


B« fore bre ikfast 

114 

82 

57 

4 

Two hours rnort^sn 


79 


r » 

1 our hours nltc' bre ikfast 

1SS 

90 

48 

C, 

B< fore bre tl f ist 

159 

80 

50 

i 

Before bre ikfast 

155 

93 

CO 



163 

84 

51 

s 

1> a hours int* mortnn 

226 

125 

55 

o 

Three hour" liter lunch 

211 

SO 

33 

10 

Before bre il f i‘t 

15S 

84 

57 

11 

Iff fore Ire ikf i«-t 

173 




Before breukf i*i 

179 

854 

47 


Before bre ikfast 

130 



12 

Before break! ist 

113 

56 

4S 

1 

I our hours after lunch 


82 


H 

I ho hours antemortem 


136 
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practically undisturbed In contrast to this, Wilcox and Lyttle 11 found 
the cerebrospinal fluid sugar high in relation to the blood sugar in prac- 
tically all their cases, although the relative time of taking the spinal fluid 
and the blood was not stated (Table 11) 

In the one case of encephalitis which we have had since we began 
to work out the relation of the cerebrospinal fluid, sugar to the blood 
sugar, the percental relation fell within the expected limits Some of 
the other cases (Table 2) gave high figures for the sugar content of 



Chart 5 — Blood and spinal fluid sugars before and after glucose tolerance 
tests 


the cerebrospinal fluid, but the relation to the blood sugar was not 
determined 

High spinal fluid sugars have been reported m several other condi- 
tions In 1920, Fiessmger and Janet 10 reported three cases, one of 
diffuse sarcomatosis with sarcoma in the basilar process of the sphenoid 
pressing on the mesencephalon, with sugar contents of the spinal fluid 
of 103 and 293 , one of meningeal hemorrhage, with sugar contents of 
the spinal fluid of 95 and 115, which is about that of normal blood, due 

19 Fiessinger, N , and Janet Bull et mem Soc med d hop de Paris 
45 145, 1920 
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to the amount of blood in the fluid from the hemorrhage, and one of 
terminal meningeal miliary tubercles (not tuberculous meningitis) with 
sugar content of the spinal fluid, 180, without glycosuria In 1912, 
Achaid and Rouillard 20 leported a case of mesencephalic syphilis 
simulating encephalitis with cerebrospinal sugar of 7 5 and 70 

A number of cases of brain tumor with high cerebrospinal fluid sugar 
haie been reported in lecent literature In 1922, Thalheimer and Upde- 
graff 10 repoi ted such a case with a cerebrospinal fluid sugar content 
of 179 In 1923, Wilcox and Lyttle 11 reported a case of glioma of the 
cerebellum with a blood sugar of 93 and a cerebrospinal fluid sugar 
of 93 

CONCLUSIONS 

To be of value in detei mining whether or not a spinal fluid sugar is 
high or low, the fluid must be taken after a night’s fasting and the sugar 
content compared to that of the blood taken at the same time 

Our figures would indicate that the following conclusions might be 
drawn 

1 The sugar content of the cerebrospinal fluid is not constant in 
the same individual 

2 There is no level, within reasonable limits, which might be con- 
sidered normal for difieient individuals 

3 There is a definite relationship between the sugar content of the 
cerebrospinal fluid and of the blood, which may be expressed as the per- 
cental relation of the sugar content of the cerebrospinal fluid to the 
sugar content of the blood This figure lies with fair constancy within 
the limits of 45 and 65 pei cent 

4 The ingestion of carbohydrate in sufficient quantities causes a 
definite and constant i lse in the sugar content of the cerebrospinal fluid 
and disturbs the usual relationship between the sugar content of the 
cerebrospinal fluid and that of the blood 

5 Meningitis, whether tuberculous, staphylococcus or meningo- 
coccus, frequently gives a low sugar content of the cerebrospinal fluid, 
both as to actual milligrams per hundred cubic centimeters and in rela- 
tion to that of the blood 

The literature shows a high sugar content of the cerebrospinal fluid 
in relation to the sugar content of the blood in cases of encephalitis 

Untreated cases of early cerebrospinal syphilis give a low actual 
and relative sugar content of the cerebrospinal fluid Under treatment, 
this figure returns to normal 

20 Achard, C, and Rouillard, J Bull et mem soc med d hop de Paris 
45 130 (Feb 11) 1921 
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When considering the fact that the sugar content of the spinal fluid 
is lowered with a fair degree of constancy in cases of tuberculous, men- 
ingococcus and staphylococcus meningitis, one must remember that a 
low figure after intraspinal administration of antimenmgococcus serum 
is of no diagnostic value 



VITAL CAPACITY AS A FUNCTIONAL TEST IN 

HEART DISEASE * 

THOMAS ZISKIN, MD 

MINNEAPOLIS 

To devise a simple test foi estimating the functional capacity of 
the lieait has been the aim of many investigators for several years 
Many tests were advanced, most of them based primarily on the 
response of the heart to exeicise The majority of these tests have 
pio\ed of veiy little value and aie not being used today Within the 
past decade, the study of the vital capacity of the lungs as a functional 
test in heart disease has gamed favor with many clinicians, and favor- 
able leports on the use of this test have been made by Peabody and 
Wentworth, 1 Ulrich and Nathanson 2 and others Peabody and 
Wentworth 1 state that there is a definite relation between the vital 
capacity and the tendency to dyspnea, and have classified cardiac 
patients into foui classes accoidmg to the heart’s efficiency 

Patients w ith a vital capacity of 90 pei cent or more of the normal 
standard were able to carry on their woik with very little dyspnea 
Patients with a vital capacity of from 70 to 90 pei cent of normal 
became d)'spneic on unusual exeition Patients with a vital capacity 
of from 40 to 70 per cent of normal became dyspneic on moderate or 
slight exertion and those with a vital capacity of less than 40 per cent 
of the normal aie decompensated patients and usually confined to bed 

Opilz, 3 while admitting that a maiked decrease in vital capacity 
signifies cardiac decompensation and that the percentage indicating its 
reduction may be employed as a measure of failure to compensate, 
questions greatly the assertion that the vital capacity portrays the 
condition of the patient more plastically than the blood piessure and 
pulse He emphasizes also that the vital capacity does not change 
materially in those cardiac patients whose compensation is adequate 

* From the Department of Medicine, University of Minnesota Medical 
School and the Cardiac Section, United States Veterans’ Bureau Clime, 
District 10 

’"Read before the combined staffs of Lymanhurst Hospital and Parkview 
Sanitarium, June 24, 1924 

1 Peabody, F W, and Wentworth, J A Clinical Studies of the Res- 
piration IV The Vital Capacity and Its Relation to Dyspnea, Arch Int Med 
20 443 (Sept) 1917 

2 Ulrich, H L, and Nathanson, M H The Vital Capacity of the Lungs 
m Cardiac Disease, Minnesota Med 4 721 (Dec ) 1921 

3 Burton-Opit 7 , Russell Vital Capacity of “Cardiacs,” J A M A 78 1686 
(June 3) 1922 
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The present study was undei taken for the puipose of adding what 
little I may to a better understanding of the relationship between vital 
capacity and cardiac efficiency The observations were made on a group 
of 207 cardiac patients at the U S Veterans’ Bureau clinic A thoi- 
ough clinical study was made of each case, and only those cases were 
selected which had no complications outside the circulatory system that 
would in any way aftect the vital capacity The functional capacity 
of the heart was determined by a study of the history, sjmptoms, 



Chart 1 — Vital capacity in Class 2a patients (111 cases) Organic, able 
to carry on, with slightly diminished physical activity 



Chart 2 — Vital capacity m Class 2b patients (69 cases) Organic, able to 
carry on, with greatly diminished physical activity 


physical signs and the lesponse to exercise, and the patients were then 
placed into one of five groups according to the classification of the 
Association of Cardiac Clinics 

Class 1 — Organic (able to carry on usual physical activity) 

Class 2 — Organic (able to carry on, a, slightly diminished physical 
activity, b, greatly diminished physical activity) 

Class 2 — Organic (unequal to any physical activity) 

Class 4 — Possible heait disease (doubtful muimuis, mainly func- 
tional, possibly organic) 
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Class 5 — Potential (predisposing history of rheumatism, tonsillitis, 
etc ) The vital capacity was calculated by means of West’s 4 formula 
(body surface in square meters times, 2,500) The surface area wag 
determined by the linear formula of DuBois and DuBois 5 6 There were 
six cases m Class 1, that is, patients who never had any symptoms of 
heart disease and m whom the condition was discovered only during 
a routine examination The vital capacity in this group ranged from 
100 per cent to 123 pei cent of the normal The majority of the 
patients were eithei in Class 2 a oi Class 2 b There was also a small 
group of twenty cases in Class 4 This group included the caidiac 
neuroses and othei functional cardiac conditions The distribution of 
the % ital capacities in each of these groups is shown in Table 1 and also 
by curves in comparison with the noimal curve in Charts 1, 2 and 3 

The normal curve used m these figures was prepared by Shepard and 
Myers c from a study of over 3,500 male university students Their 
Mtal capacity determinations weie made by all the various methods in 
use and the average used as the normal 


Table 1 — Dish ibution of Vital Capacity in Cardiac Disease 
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It u ill be seen that m Class 2 a, patients who are able to carry on with 
slightly diminished physical activity, the aveiage vital capacity of the 
group is between 86 and 90 per cent of normal , while in Class 2 b, 
patients who are able to carry on with greatly diminished physical 
activity, the aveiage is between 81 and 85 per cent of normal In 
Class 4, patients who have no organic condition, the average vital 
capacity is between 96 and 100 pei cent of the normal A study of 

4 West, H F Clinical Studies on Respiration A Comparison of Various 
Standards for Normal Vital Capacity of the Lungs, Arch Int Med 25 306 
(March) 1920 

5 DuBois, D , and DuBois, E F A Formula to Estimate Approximate 
Surface Area ’if Height and Weight be Known, Arch Int Med 17 863 (June) 
1916 

6 Shepard, W P, and Myers, J A Personal communication (to be 
published) 
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the curves in these various groups shows that the distribution follows 
very close to the normal curve, although there is a lowering and shifting 
fo the left of the curves in Class 2 a and Class 2 b and slightly m 
Class 4 There is very little difference, however, between the curves 
of Class 2 a and Class 2 b These results tend to show that while the 
vital capacity is usually reduced in the majority of ambulant cardiac 
patients, the range of distribution is very variable and cannot be limited 
by any class or group The dififei ence between the group which was 



Chart 3 — Vital capacity m Class 4 patients, cardiac neuroses (20 cases) 



Chart 4 — Vital capacity in chronic valvular disease with mitral regurgita- 
tion (60 cases) 


able to carry on with slightly diminished activity and the group which 
was able to cany on only with greatly diminished activity is not marked, 
although the latter group does show a greater number with lower vita 1 
capacities 

A study of this series of cases was made also with a view to deter- 
mine whether there is any relation between the type of lesion and the 
vital capacity The results are shown m Table 2 and Charts 4 to 8, 
inclusive 
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The average vital capacity is lowest m the group in which more 
than one valve is affected, being from 76 to 80 per cent of normal 
In mitral stenosis the average was between 81 and 85 per cent of 
normal, while in mitral regurgitation, aortic regurgitation and the 
my ocardial insufficiencies the average vital capacity was the same, being 
between 86 and 90 per cent of normal In the patients affected with 
aortic regurgitation theie was a tendency for the distribution to be 
within a prescribed limit, the majority falling within 86 and 100 
per cent of normal In the other gioups, the tendency was to follow 
the normal curve, although in each of them the abnormal curve is 
lowered and shifted to the left These results agree with the findings 
of Peabod) and Wentworth, 1 that the vital capacity tends to be lower 
m initial disease than in aortic disease and also that the vital capacity 
depends more on the severity of the lesion than on the type of lesion 

Table 2 — Distribution of Vital Capacity in Vanous Types of Hcait Disease 


Mitral Mitral 

Regurgitation Stenosis 

A jl 


Portent lgt 

t 

, 

r 



Norm ll \ itnl 


Per 


Per 

Capacita 

Ca^e* 

Cent 

C tses 

Cent 

Uelou 70 

o 

33 

2 

03 

71- 77 

4 

0 0 

2 

0 3 

70- SO 

- 

11 0 

4 

12 5 

SI- S3 

12 

20 0 

8 

23 0 

Hr- 00 

S 

13 3 

7 

13 0 

*11- Oj 

11 

IS 3 

3 

94 

00-100 

i 

11 G 

4 

12 5 

101-103 

i 

7 0 

3 

94 

100-110 

1 

0 0 

1 

3 1 

111-117 

2 

33 

O 

00 

110-120 

0 

00 

0 

00 

'lotal 

oo 

100 0 

32 

100 0 


Aortic Aortic and Mjoeardnl 

Regurgitation Mitral Disease Conditions 



Per 


Per 


Per 

Cases 

Cent 

Cases 

Cent 

Cases 

Cent 



3 

15 0 

2 

4 3 

1 

5 0 

4 

20 0 

5 

10 6 

1 

5 0 

5 

250 

5 

10 6 

0 

00 

2 

10 0 

8 

17 0 

s 

40 0 

0 

00 

8 

17 0 

2 

10 0 

3 

15 0 

11 

23 4 

4 

20 0 

2 

10 0 

? 

4 3 

2 

10 0 

1 

5 0 

2 

4 3 

1 

5 0 

0 

00 

2 

43 

1 

5 0 

0 

00 

1 

21 

0 

00 

0 

00 

1 

21 

20 

100 0 

20 

100 0 

47 

100 0 


COMMENT 

That the vital capacity in heart disease bears a relationship to the 
symptom dyspnea, there is no doubt, but that the relationship is definite 
and the i eduction in vital capacity parallels the reduction in cardiac 
efficiency is not shown by the results obtained m this group of cases 
Several othei factors must be taken into consideration m determining 
the cause of reduced wtal capacity and its relation to cardiac efficiency 
The \ asomotor system is a great factor here, as it is m all tests for 
cardiac efficiency Mechanical factors which interfere with the move- 
ments of the chest wall, such as rigidity of the bony framework, 
ankylosis of the costal joints, weakness of the intercostal muscles, and 
so forth, must be considered Conditions within the chest itself, such 
as jileural effusion, emphysema and cardiac enlargement may influence 
the vital capacity, also conditions which cause increased abdominal 
pressure, such as enlarged li\er, abdominal tumors and ascites 
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Chart 5 — Vital capacity in chronic valvular disease with mitral stenosis 
(32 cases) 



Chart 6 — Vital capacity in chronic vahular disease with aortic regurgita- 
tion (20 cases) 



Chart 7 — Vital capacity in chronic valvular disease with aortic regurgita- 
tion and mitral disease (20 cases) 
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The primary cause of dyspnea is best explained by Siebeck, 7 who 
states that it is due to an engorgement of the capillaries of the lung 
alveoli, which in turn causes a distention of the alveolar walls with an 
increase of fibrous tissue and a resultant inelasticity of the alveolar 
walls Pathologic examination of the lungs of passive congestion bears 
this out Dyspnea, therefore, is due primarily to an alveolar insuffi- 
ciency This insufficiency may vary in different persons with the same 
amount of alveolar tension, and the same amount of alveolar insuffi- 
ciency may produce varying degrees of symptomatology in different 
persons, just as an increase m arterial tension does not affect all hearts 
in the same waj This may in a measure explain the variability of the 
\ital capacity readings m each clinical group Also, as the range of 
the normal vital capacity varies from 75 to 135 per cent of the theoretic 



Chart 8 — Vital capacity in cardiac disease with myocardial insufficiency 
6 47 cases) 


100 per cent , so the range of the vital capacity in this group of cases, 
although lowered, varies from 60 to 120 per cent of the theoretic 
100 per cent Therefore, a vital capacity reading in any given heart 
condition, unless it was very low, would not give us any conclusive 
infoimation, as there is no way of determining its relation to the normal 
curve A subject may have a vital capacity of 100 per cent and still 
be greatly reduced when compared to a normal person with 135 per cent 

SUMMARY 

1 Vital capacity is of value in the study of heart conditions 

2 There is no definite relationship between the vital capacity and 
cardiac efficiency in ambulant cardiac patients 

3 There is no definite relationship between the vital capacity and 
the type of heart lesion 

7 Siebeck, R Uebcr die Bceinflussing der Atemmeckamck durch Krank- 
haftc Zustande des Respiration und Kreislaufapparetes, Deutsch Arch f klin 
Med 100 204, 1910 




NOTES ON THE THERAPEUTIC VALUE OF PNEUMO- 
COCCUS ANTIBODY SOLUTION SUBCUTANE- 
OUSLY ADMINISTERED IN LOBAR 
PNEUMONIA J 

WADE W OLIVER, MD 

AND 

E A STOLLER, MD 

BROOKLYN 

The work repoited in this article is concerned with our findings at 
Long Island College Hospital, during the fall, winter and spring of 
1923-1924, as a part of a clinical experiment with the subcutaneous 
administration of pneumococcus antibody solution pursued under the 
supervision of the influenza commission in the cities of New York, 
Boston, Cincinnati and Chicago It seemed desirable to study the effect 
of antibody solution administered subcutaneously, largely because pre- 
vious workers seemed to be agreed that the reactions following intra- 
venous inoculation of antibody solution are often severe and sometimes 
actually dangerous to the patient In the interests of uniformity and in 
order to provide comparable results, the experimental clinical work was 
pursued in accordance with the following plan outlined by the influenza 
commission 

SELECTION or CASES 

1 Every case giving a typical history of chill, fever, pain in the side 
and cough with rusty sputum, together with typical physical signs of 
consolidation, as indicated by dulness, bronchial breathing and bron- 
cophon) ib included The area of consolidation need not be extensive 

2 Included also are cases without a typical history but with frank 
physical signs of consolidation, when there is a reasonable certainty 
that these signs are not caused by infarct, tuberculosis, tumor, or other 
organic disease not lobar pneumonia 

3 Cases with typical history and symptoms of lobar pneumonia, 
even if physical findings are negative, provided a definite shadow is 
demonstiated by roentgen-ray examination, are included 

4 Included also are cases in which the history and physical findings 
are suggestive but not typical of lobar pneumonia, provided the patient’s 
sputum shows pneumococcus Types I, II and III 

* From the department of bacteriology, Hoagland Laboratory, and the 
department of medicine, Long Island College Hospital 
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PLAN or PROCEDURE AS OUTLINED BY THE INFLUENZA 

COMMISSION 

1 In every hospital cooperating in this study, there should be some 
one person responsible for, and having general supervision of, the 
experiment 

2 Each ward will be considered an experimental unit Every case 
of lobar pneumonia admitted to a particular ward will be numbered 
consecutively First case, 1 , second case, 2 , and so on 

3 Eieiy case receiving an even number shall have the antibody 
treatment The odd numbeied cases will not receive antibody treatment, 
but in other respects will be handled like the antibody cases In the case 
of our particular work at Long Island College Hospital, the foregoing 
plan was deviated from to the extent of administering antibody solution 
to one half of the Type I pneumococcus pneumonia patients in the 
series, and to ceitam of the remainder of the Type I pneumonia patients 
administering T)pe I pneumococcus antiserum By this means, it was 
hoped to obtain some data on the comparative value of antibody solu- 
tion and antiserum m Type I infections Also, on two occasions, when 
the suppl} of antibody solution was tempoiarily exhausted, the sequence 
was broken to the extent that an even numbered case failed to receive 
antibod} solution, and vice versa 

4 In order to minimize the personal equation in the diagnosis and 
effect of treatment, it is necessary that both the antibody and control 
cases come under the direct obseivation of the same person, m each 
experimental unit or ward 

TREATMENT 

1 Antibody solution will be administered subcutaneously m the flank 
oi anterior abdominal vail The first injection will be given as soon 
as the clinical diagnosis of lobar pneumonia has been made In certain 
of the cases m our senes, subcutaneous administration of antibody 
solution subpectorally was resoi ted to 

2 The initial dose of the antibody solution will be from 200 to 
300 cc depending on the seventy of the case The second dose (from 
200 to 300 c c ) will be administered from eight to twelve hours after 
the first dose The amount of subsequent dosage will depend on the 
seventy of the infection and the result produced by the first two 
injections 

3 In general, it may be said that in very severe cases from 200 to 
300 cc should be given three times m the fust twenty-four hours, 
during the second twenty-four hours, fiom 200 to 300 cc twice a day 
Smaller doses (from 100 to 150 cc ) may be used after the first two 
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injections, if the patient has responded well, or if the infection is not 
severe Treatment should be continued until the temperature reaches 
from 99 to 100 F and remains there 

NUMBER OF CASES STUDIED 

The series on which this report is based consisted of forty-nine cases 
of pneumonia of which twenty-six were controls and twenty-three were 
treated with antibody solution Alternate patients were given antibody 
solution, as far as this was possible There were more controls than 
antibody cases because on two occasions our supply of antibody solution 
was exhausted and shipment was unavoidably delayed However, we 


Table 1 — Bactenologic Classification of Cases by Sputum Typing 


Micro organism 

Number of Cases 

Percentage Incidence 

Pneumococcus Tj pe I 

15 

SO 61 

Pneumococcus Tj pe II 

5 

10 2 

Pneumococcus Type III 

2 

4 08 

Pneumococcus Type IV 

24 

48 97 

Streptococcus 

2 

4 08 

Undetermined 

i 

2 04 


Table 2 — Results of Blood Cultures 


Micro-organism 

Positive 

Negative 

Not TaLen 

Percentage of 
Posithes 

Pneumococcus Tjpe I 

6 (4 cases) 

9 (Senses) 

s 

40 

Pneumococcus Type II 

— 

4 

1 

0 

Pneumococcus Tj pe III 

_ 

2 

— 

0 

Pneumococcus Tjpe IV 

5 (4 cases) 

18 (16 cases) 

4 

2179 

Streptococcus hemolyticus 

1 (sputum Tvpe 

1 

1 

50 

Undetermined 

III pneumococcus) 

1 

— 

0 


would emphasize that m the senes of cases which comprise the experi- 
ment, there was nothing even remotely resembling a selection of cases 

We are perfectly frank in admitting that the series on which the 
report is based is small in number However, the fact that the work 
was quite rigorously controlled and that there was no selection of cases 
makes the results of comparative value 

BACTERIO LOGIC CLASSIFICATION or CASES 

The methods employed in determining the specific type of pneumo- 
coccus responsible for the infection in each case were (1) a rapid 
method, 1 (2) the Mouse method, (3) the Avery method, and (4) blood 
cultures whenever possible The diagnostic serums used for typing were 
supplied by the New York state board of health 

1 Oliver, W W J Infect Dis 27 310 (Oct) 1920, ibid 29 518 (Nov) 

1921 
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Two rather unusual cases, from the bacteriologic standpoint, were 
encounteied m the series The first case was one of lobar pneumonia, 
m which the sputum contained a Type III pneumococcus, as demon- 
strated by the Mouse method, the Avery method, and a rapid method 
On the same day that the sputum typing was performed, a blood culture 
was made which, on twenty-four hours incubation at 37 5 C , revealed 
a hemolytic streptococcus m pure culture The second was a control 
case untreated with specific therapy He was an East Indian, aged 25, 
who was admitted to the hospital on the fouith day of his illness and 
died on the seventeenth day The clinical diagnosis was a “massive 
bronchopneumonia ” On the fifth day of his illness, a sputum typing, 
done by the Mouse method and the Avery method, revealed a Type II 
legular pneumococcus A blood culture, taken on the same day, 
remained sterile on ten days incubation at 37 5 C The seventeenth 
day of the disease, another blood culture was taken which revealed over 
1 000 colonies per cubic centimeter of a Type I pneumococcus m pure 
culture A postmortem lung cultuie was also positive for Type I 
pneumococcus in pure cultui e 

N \TURE Or ANTIBODY SOLUTION 

The pneumococcus antibody solution employed m the following 
experiments was prepared by F M Huntoon, 2 and was supplied by the 
Mulfoul Laboratories Huntoon’s method of dissociation of antibody 
from its antigen represents an extension and refinement of a method pre- 
viously described b\ Gay and Chickenng 3 To a mixture of Type I, 
Type II and Type III pneumococcus antiserum is added an equal 
\olume of a heavy suspension of living pneumococci, Types I, II and III 
This mixture is allowed to stand for one hour at 37 5 C , or for twelve 
hours at 20 C , this amount of time allows for a union of specific anti- 
bodies to specific antigens The pneumococci are then thrown down 
with a centrifuge, and the micio-orgamsms are washed with physiologic 
sodium chlorid solution, at almost the freezing point, in older to remove 
traces of horse serum The washed sediment is next suspended in salt 
solution containing 0 25 per cent sodium bicarbonate and heated fiom 
thirty minutes to one hour at 55 C By such treatment, the antibodies 
are dissociated from the antigen-antibody complex The mixture is 
then centrifugated, and the removed supernatant fluid, which contains 
the antibodies, is chilled, recentrifugated and finally filtered through a 
filter candle The final solution is almost completely piotem free, and 
may contain as low as 0 035 mg of nitrogen per cubic centimeter 

2 Huntoon, F M J Immunol 6 117 (March) 1921 

3 Gay and Chickenng J Exper Med 21 389, 1915 
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METHOD OF ADMINISTRATION OF ANTIBODY SOLUTION 

As the previous intravenous use of pneumococcus antibody solution 
had been attended by severe reactions which were occasionally harmful 
and, in a few instances, fatal, it became of more than academic interest 
to find a new method for its administration, if antibody solution was to 
become a therapeutic agent of general, practical clinical value For this 
purpose, the subcutaneous route was chosen 

The first site selected was the abdominal skin, but it was soon dis- 
covered that it took almost an hour to introduce from 150 to 200 c c by 
the gravity method, even if the direction of the needle was changed 
repeatedly It was then decided-to try the skin of the lower axillary region, 
and this gave somewhat better results, because, as a rule, the skin in 
this area was more lax and the subcutaneous tissues permitted of 
greater distention by the fluid In a further attempt to facilitate the 
administration, subpectoral injections were employed This last method 
seemed to be the most satisfactory because the operation took less time, 
thereby causing less discomfort to the patient Moreover, so far as 
could be determined, the absorption rate was not materially affected, 
because there was no increase in the incidence of reactions of any soit 
The actual technic of the injection was as follows The skm area 
chosen was carefully cleaned with 3 5 per cent tincture of 10 dm W ith a 
small hypodermic needle, from 1 to 2 per cent procain solution was 
injected mtradermally until a raised aiea about the size of a 10 cent 
piece was produced When successfully introduced, the procain gave 
rise to a very white area in which the hair follicles stood out promi- 
nently, so that the anesthetized area gave the appearance of a porous 
plaster A needle, connected by tubing with a graduated cylinder which 
contained the antibody solution, was then introduced through the anes- 
thetized area into the subcutaneous tissues, and the solution was allowed 
to flow m by the gravity method On the average, twenty minutes 
sufficed for the subpectoral injection of 200 c c of antibody solution 
The following lot numbers of antibody solution were employed 
during the course of our experiment 61269, 61487, 60785, 62179, 
62477, 22179, 63339, 63310, 63737, 63898 and 64838 

The largest amount of antibody solution employed in any one case 
m our series was 3,400 c c , of which the initial 1,900 cc was poly- 
valent and the remainder univalent Type I solution, and this was given 
in thirteen doses eight hours apart, in a case of Type I pneumococcus 
infection, with no apparent effect on the clinical course In another 
case, of Type IV infection, 2,350 c c of polyvalent antibody solution was 
given in nine doses eight hours apart The disease lasted seven days 
and terminated by lysis Extension to another lobe occurred on the fifth 
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clay In view of the fact that these massive doses apparently did not 
materially influence the couise of the disease, it was arbitrarily decided 
to discontinue antibody tieatment in any given case after 1,000 cc had 
been given The smallest amount of antibody solution used was 350 c c , 
and this case (Case 2) gave the most spectaculai result in our series 
(Chart 6) 

REACTIONS FOLLOWING SUBCUTANEOUS ADMINISTRATION Or 

ANTIBODY SOLUTION 

Fiom the beginning, it was felt that the antibody solution contained 
an mitant of some sort, because the patients invariably complained 
when the site of an injection was touched This tenderness persisted for 
two oi three days and was often very acute 

The incidence of chills or temperature i eactions is appai ently greatly 
l educed when the antibody solution is given subcutaneously, lather than 
intravenously Cecil and Larsen,* in commenting on the effect of mtia- 
venousl) admimsteted antibody solution, say, “The reactions are often 
ten uncomfoi table and m certain cases are actually injurious to the 
patient ” Conner, 5 likewise, says of the intravenous adimmstiation of 
antibody solution, “The method has one serious drawback m that the 
immediate, oi so-called theimal, reaction is sometimes very seveie and 
may eteu iesult m death” Cecil and Larsen and Conner report that 
temperatures of 106 F, from twenty to forty-five minutes after the 
initial injection, aie not uncommon 

In our senes of twenty-three patients to whom antibody solution 
was admimsteied subcutaneously, only two patients exhibited a chill 
and tempeiatuie rise following injection In Case 2, a Type II pneumo- 
coccus infection, 200 c c of antibody solution were given as an initial 
injection at 3 p m Nine houis latei, 150 cc of antibody solution 
was injected One-half hour latei, the patient had a severe chill which 
lasted foi twelve minutes Fifteen minutes aftei the chill had stopped, 
the temperature was 106 2 F (rectal) as compared with 101 6 (rectal) 
before the second injection was given In Case 12, a Type I pneumo- 
coccus infection, one-half hour after the thirteenth dose, which made 
a total of 3,400 cc of antibody solution which had been admimsteied, 
there was a chill lasting thiity-eiglit minutes, and the temperature rose 
from 101 (lectal) to 105 8, followed by a sharp fall in the (empeiature 
to noimal 

4 Cecil, R L, and Larsen, N P Clinical and Bacteriologic Study ot 
1,000 Cases of Lobar Pneumonia, J A M A 79 343 (July 29) 1922 

5 Conner, L A Am J M Sc 164 832 (Dec ) 1922 
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EFFECT OF ANTIBODY SOLUTION ON STERILIZING THE 

BLOOD STREAM 

In one out of the four cases of Type I infection in which blood cul- 
tures were positive, a striking example of the failure of antibody solu- 
tion, when given subcutaneously, to sterilize the blood stream was brought 
out This was Case 4, a Type I pneumonia patient, admitted on the 
third day of the disease From the fifth to the eighth day of the disease, 
inclusive, he received 1,350 cc of antibody solution The fifth day of 
the disease, a blood cultuie revealed 100 colonies of Type I pneumo- 
coccus per cubic centimeter The seventh day, the colony count was 
50 per cubic centimeter of blood The twelfth day, three days before 
death, there were over 500 colonies of Type I pneumococcus per cubic 
centimeter of circulating blood A second patient Case 37, with 
Type IV pneumococcus infection, was admitted on the third day of the 
disease Antibody solution treatment was begun on admission and 


Table 3 — Complications m Antibody Tieatcd and Conti ol Cases 


Tjpc of Completion 

Antibody Series 

Control Series 

Extension 

5 

4 

Pleural effusion 

0 

1 

Otitis media 

O 

1 

Cellulitis 

l 

0 

Lung abscess 

0 

1 

Phlebitis 

0 

1 

Abscess of arm 

i 

0 

Ischiorectal abscess 

l 

0 

Uiticana 

1 (on 11th daj) 

1 (Type 1 
scrum case) 

Total 

11 

9 


carried on through the fifth day of the disease, the total amount of 
antibody solution which he received being 1,000 c c The fourth day 
of his illness, a blood culture was sterile The eighth day of the disease, 
a blood culture revealed one colony per cubic centimeter of blood of a 
Type IV pneumococcus This lack of result m the case of Type IV 
infection was rather to be expected from the fact that antibody solution 
contains only protective antibodies against the fixed pneumococcus types, 
combined with the experimentally demonstrated fact that only against 
a limited number of Type IV pneumococcus strains does antibody solu- 
tion exhibit any protective action 

COMPLICATIONS 

Table 3 gives a list of the complications which developed m the 
antibody treated cases and the control cases 

In this connection, we desire to desci ibe m detail the complication that 
arose m Case 4 The patient had received three injections of antibody 
solution into the left axilla, thiee injections into the right axilla, and 
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two injections unclei the abdominal skin Two days after the last 
injection, the entne light side of the patient, from the apex of the 
axilla to a point about one hand’s breadth above the right iliac crest, 
was reddened, indurated, tender and hot, and could be made to pit on 
pressure Hot wet compi esses weie applied, but no fluctuation occurred, 
possibly because he did not live long enough The piocess had all 
the outward appeaiance of a cellulitis No doubt, pait of this reaction 
could be ascnbed to the tenderness and pain following the subcutaneous 
injection of antibody solution that was noted in some degree in every 
case that received the antibody treatment 


Table 4 — Mentality m Antibody Tieated and Conti ol Cases 



Antibody 


Controls 


Total 



^ ^ 








Deaths, 

r~~ 

Deaths, 


Deaths, 


Cases 

per Cent 

Cnses per Cent 

Cases 

pei Cent 

Tj pc I 

7 

28 5? 

S 

20 0 

15 

20 0(, 

Tj pc II 

4 

00 

1 

00 

5 

00 

a j pc in 

O 

WO 

0 


2 

GOO 

l\pc IV 

10 

10 0 

u 

21 42 

21 

10 00 

Streptococcus 



1 


1 


Hemols tic streptocoa us 



1 


1 


Undetermined 



1 

100 0 

1 

100 0 

(Lotn! 

IS 

17 30 

20 

23 7 

49 

20 40S 

A\eri 4 ,c du> of dFon'c on which 







iidmfttcd 


4 43 


4 307 



UcrnRC irc 


32 80O 


31 23 




Table 5 ■ — Effect of Antibody Solution as Compaicd zvith Type 

Antiscmm in Type I Pneumonia 

I Pneumococcus 


Anti 

Pa 


Per 

No Specific 

Pci 

'Total, 


bod> 

Cent 

Scrum 

Cent 

Treatmont 

Cent 

per Cent 

Number of uim‘= 

4 


0 


2 


15 

Death l ate 

2 

2S 

0 

0 

2 

100 

20 00 

Extension 

2 

2S 5 

1 

10 00 

1 

50 

20 

Urticaria 


14 2S 

1 

10 00 




Cellulitis (from injcctfonsl 

i 






Ncliiorcctal abscess 

i 

14 28 






Otitis media 

i 

14 28 







EFFECT OF THE ANTIIiODY SOLUTION ON THE COURSE OF THE DISEASE 

In our limited senes of antibody tieated cases, there was no striking 
impi ovement noted fiom day to day even m the cases which seemed to 
be benefited With the exception of Case 2, a Type II pneumococcus 
infection, m which a crisis was obtained after two injections of antibody 
solution, it was impossible to notice any marked signs of subjective 
clinical unpi ovement Notes on Case 31, a Type I pneumococcus infec- 
tion, show that, aftei the fiist two doses of antibody solution, the pam m 
the chest was improved While the treatment was going on, the patient 
was sufficiently comfoi table to read the newspaper, although the temper- 
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ature rate and the respiration rate were not influenced and the disease 
apparently ran its self limited course, with a pseudocrisis on the seventh 
day and a real crisis on the eighth day Even m the cases that were 
interpreted as improved, the pam caused by the injections usually over- 



1 — Temperature, pulse and respiration in Case 27 


shadowed any except the most striking clinical changes In Case 6, 
the patient being a chronic alcoholic with delirium, although no sudden 
marked drop in temperature occurred, yet the general condition, on the 
eighth and ninth days, was unusually good in a type of case in which 
the prognosis is customarily considered poor Finally, m Case 25, a 












OLIVER-ST OLLER — PNEUM OCOCCUS ANTIBODY SOLUTION 275 

mild Type II pneumococcus infection, between the second and the fifth 
day of the patient’s disease, he had leceived 800 c c of antibody solu- 
tion The ci isis occuried on the fifth day of the disease, and resolution 
set m eaily We feel that the antibody solution tieatment favorably 



influenced the couise The third day, the pam m the side was less 
marked, and he felt bettei in geneial 

In brief, then, in only foui out of the twenty-three antibody solu- 
tion tieated cases was subjective impiovcment noted, and m thiee of 
the four cases mentioned above objective improvement also was observed 
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SUMMARY OF ANTIBODY EFFECT 

Subjective improvement was noted in four cases, objective improve- 
ment in three, subjective and objective improvement in three No 
subjective or objective improvement was noted in nineteen cases, and 


1 dJiPAW. 

z? 


30 

*‘ixi\:i:md±L\4 

■ ■ 

■ 

mmmm 


* 

s 


\ OEFECATiONI 




EE 



■ 

HOUR 



PM 

A.X _ 

K30H 

■331 

m 

X3i 

□ 

a 

m 

a 

a 

ra 

D 

□ 

13 

a 

a 

[3 

n 

a 

a 

ail 

a 

a 

100 

- 

S' 

S 


EE 

EE 

- 

- 

— 

= 

E 

E 

= 

- 

= 

_ 

— 

z 

— 

Si 

s 

— 


EE 

EE 


ul 

z 

z 

E 

E 

= 

E 

z 

— 1 

_ 

103 

z 



t 

— 

EE 

EE 

EE 

EE 

EE 

EE 

z 


C *1 

Z 

z 

a 

z 


= 





EE 

EE 

— 

z 

E 

z 

5 

9A 

z 

=1 

= 

E 






H 



El 

EE 

z 


E 

mm 

■2 

lZ 



z 

1 M 

Ej 

— 



— 


EE 

— 

EE 

z 

— 

Z 

zj 

R 

z 

— 

— 

z 


Ej 







4*- 

■r 




z 

R 

E 

z 

— 


H 105 
« 








EE 

»_a 

5 


z 


z 

E 







E 

EE 


EE 

EE 

EE 

z 

z 

z 

z 

z 

z 

z 

z 

z 


EE 





El 

EE 

EE 

z 

z 

z 

z 

z 

z 


z 

E 

kZ> 103 

Z 

— 

— 

— • 

EE 

EE 

EE 

EE 

EE 

E 

z 

— 

z 

;*j 

z 

z 

— 

z 

H 

— 

IT 





EE 

EE 

z 

z 

— 

F 

z 

i 

z 

z 


z 

P5 101 

Oh ioo 

3 

S „ 

H 89 

mm 

mm. 

BM 






Z 



z 


LZ 


z 







— 



EE 

EE 

EE 

E 

z 

z 

E 

FF 

|z 

z 

Zj 

z 




— 

R 

F 


Ed 


EE 


f 

bfc 

z 

— 

z 

z 

Z 

— 



EE 

= 

EE 

EE 

EE 

Ep 

z 

9*1 

m i 

mm 

—j 

z 

z 

z 

— 



EE 

EE 

— 

Z 

ee! 

z 

— 


■ 

Li 

— 


z 

z 

z 

“ 

Z 


EE 

Z 


1 

E 

Ej 


z 

Z 

z 




EE 

z 


E 

E 

E 

E 

p 

_ 

EE 


3 

3 

5 

- 

Z 

= 

= 

= 

_ 

DS 

07 

E 

E 

E 

E 

1 — 

3 

3 

— i 

— 

E 


E 


— 

P 

- 


E 

E 

El 

— 

— 

El 

R 

EE 

EE 

■■ 

z 


z 

— 

zj 

Zj 

z 



z 









El 

z 






z 

z 



h — 1 

~ 

EE 

M 

— 

E 

P 

3 

— 1 

pE 

z 

z 

— 

= 

z 

Z 


Z 

~ 

— 


EE 

EE 


H 



z 



= 



z 

z 

z 

140 

— 


— 

— 

— 

— 

— 

~ 

— 




— 

r 

— 

— 

— 

— 










■ 

■ 

■ 


N 
















u 


r« 
















A\ 

mm 





120 

« 110 

W 

>1 100 

g * 

so 





■ 






/ 

















t 


iim 









i* 

Sri 

■ 






w 










M 

■> 

■ 




n 














□ 




n. 















Z 





































w 

K 

m 
















• 

- 































■ 

■ 


— 


■ 

■ 

■ 

■ 

u 

m 


z 


■ 

■ 

■j 

^7<r 

60 

— 

— • — 

— 




X 


X 



—— 

s 


s 





j 

































■ ■ 

■ 















i 












fc « 

O 40 

PH 

Eh m 

<J 30 

C5 25 

M 

dn "* 


ZZI 

















' 

























zzj 









1 













s 


















m 



n 










n 





m 

H 

m 

m 

. 









m 





m 

m 


MM 

2 * 

M 







IM 





m 

■i 

m 







M 



m 





m 

■i 

m 







3 




r _J 













1 




' 






> 









i 






— 

— 


1 

nr 

— 

— 

— 

— 

— 

m 

m 

— 


_ 


_ 

H 13 

05 “ 

~ ; ~ 

— 


m 


— 

r— 

— 

s 

h 


n 

— 

— 1 

— 

r— 



( 







M 




—4 





I 














1 



1 

_ 










_ 


_ 




_ 


Fig d — 1 emperature, pulse and respiration in Case 8, a control case of 
Type I infection 

there was marked pain at the site of the injection in twent) -three 
cases 

As a consideration of Table 4 will show, the striking feature is that 
the antibody treated cases of Type IV infection showed a little less than 
one-half the mortality (10 per cent ) that was exhibited by the controls 
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{21 42 pei cent ) It also will be observed that the total moitality of the 
antibody tieated cases plus the conti ols is 20 408 pei cent, which is 
about the a\eiage moitality exhibited by pneumonia mespective of the 
theiap} emplo\ed 
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Fig 4 — Temperature, pulse and respiration m Case 10 

Cash 27 — A man, aged 21, a Norwegian, with a pneumococcus Type I 
pneumonia of the left lower lobe, at entrance before the type w'as know'll, 
had received 500 c c of polyvalent antibody solution, after w'hich he received 
Type I antibody solution The fifth day, there v'as a pseudocrisis, and that 
afternoon the temperature again reached its former peak At this time, the 
left low'er lobe showed signs of resolution The morning of the sixth day, 
the picture had entirely changed Cyanosis W'as intense and breathing labored 
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By this time, the left upper lobe had become solid The eighth day, antibody 
treatment was discontinued because he had become progressively worse At 
this time, there was some pulmonary edema Under heavy cardiac stimulation, 
the blood pressure was maintained and phlebotomy was not resorted to The 
crisis occurred during the night of the eighth day 



Fig 5 — Temperature, pulse and respiration m Case 24 


In this case, in spite of vigorous antibody treatment, the symptoms were 
not alleviated , extension occurred, and the disease ran its course apparent y 
uninfluenced in any way 

Case 12 — A man, aged 26, a Brazilian, with pneumococcus Type I pneumonia 
of the left lower lobe, after 1,900 c c of polyvalent antibody solution had 
been given, was reported to be a Type I case, and, in the succeeding injections, 
Type I antibody solution was used After the first three days of antibody 
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treatment, the only change that could be noticed was that he was a little 
more comfortable and had less pleuritic pain About one half-hour after the 
thirteenth dose had been given, he had a chill which lasted thirty -eight minutes 
and the temperature jumped from 101 F (rectal) to 105 8 followed by a sharp' 
tall to 922, where it remained This occurred on the ninth day of the disease 
In this case, the temperature was not brought to normal until the ninth day 
and then only after thirteen subcutaneous injections, totaling 3,400 cc 



Fig 6 — Temperature, pulse and respiration in Case 20, m which the patient 
was given 285 c c of Type I serum 

Case 8 — -A man, aged 20, a Norwegian, wuth a pneumococcus Type I 
pneumonia of the right middle and low'er lobes, on examination of the heart, 
showed a very' diffuse and powerful apex beat in the fourth and fifth interspaces 
The left border measured 10 cm and the right 4 cm from the midsternal line 
The second sound at the apex had a slapping character There w r as a short 
systolic murmur at the apex w'hich was poorly transmitted to the left axilla 
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There was also an irregularity in rate but not in force From the beginning, 
the patient showed a peculiar drowsiness and during the second twenty-four 
hours he was mildly delirious About thirty-six hours after entrance, the 
delirium became more marked, and it was necessary to give him a narcotic, 
after which respirations became very slow and shallow 



Fig 7 — Temperature, pulse and respiration in Case 2, a Type II pneumo- 
coccus pneumonia, 350 cc of antibody solution (polyvalent) was given 

This case illustrates a Type I infection complicated by mitral insufficiency m 
which the treatment consisted only of the ordinary supportive measures There 
was no history of previous cardiac or rheumatic disease 

Case 10 — A man, aged 23, a Filipino, with a Type I pneumococcus pneumonia 
of the left loweb lobe, gave a poor response to Type I horse serum Although 
treatment was begun on the fifth day, the temperature was not brought to 
normal until the eighth dav The first two injections were followed by such 
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severe chills that it was decided to procure a new lot of serum Succeeding 
doses of a new lot produced only slight reactions, and the last injections 
produced no reactions of any kind This patient had shown no sensitiveness 
to horse serum in the preliminary cutaneous tests 

Case 24 — A man, an Italian, aged 25, with a pneumococcus Tjpe I pneumonia 
of the right lower lobe, was given Type I horse serum treatment, beginning 



Fig 8 — Temperature, pulse and respiration in Case 6 


on the evening of the sixth day After the first dose of 100 c c , given intra- 
venously, he had rather a severe chill By midnight, the temperature had fallen 
to normal by crisis Two more doses of 100 c c each were given at 1 a m 
and at 9 a m Marked delirium set in after the first dose 

In this case, we feel that the course was favorably influenced by Type I 
horse serum, in spite of the fact that the patient was m wild delirium for fully 
forty-eight hours after the temperature had come to normal 
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Case 20 — A man, aged 21, an American, with pneumococcus Type I pneu- 
monia of the right lower lobe, was admitted late on the third day of the 
disease, and serum treatment was not begun until the afternoon of the fifth 
day After three doses of serum, eight hours apart, totaling 285 c c , crisis 
was obtained 

In this case, we feel that the course was favorably influenced by the serum 
treatment 



Case 2 — A man, aged 45, an Italian, with Type II pneumococcus pneumonia 
of the right upper and middle lobes, had marked tenderness in the gallbladder 
region with an icteric tinge to the skin of the thorax and the abdomen At 
3 p m , 200 c c of antibody solution was given subcutaneously in the left 
axilla without reaction At 12 p m , 150 c c was given subcutaneously One- 
half hour later, there was a severe chill lasting twelve minutes, followed by 
a temperatuie of 106 2 F (rectal), then a sharp fall of temperature to 101, 
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at 4 a m , and 99 2, at noon The abdomen was softer and the right hypo- 
chondrium less sensitive 

This case shows a striking response to antibody treatment and illustrates 
the best clinical result obtained in the series 

Case 6 — A man, aged 33, an American, who suffered from chronic alcoholism, 
had pneumococcus Type II pneumonia of the left lower lobe The patient was 
given 625 c c of antibody solution Although this case shows no sudden marked 
drop in temperature, the general condition, on the eighth and ninth days, was 
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unusually good, considering that the patient suffered from chronic alcoholism 
and that the pneumonia precipitated an attack of delirium tremens which was 
so marked that he had to be restrained 

Case 17 — A man, aged 21, a Porto Rican, with a pneumococcus Type III 
pneumonia of the right lower lobe was admitted on the fourth day of the 
disease The fifth day, blood culture showed a few colonies of hemolytic 
streptococcus He received 100 c c polyvalent antibody solution every twelve 
hours for seven doses By the seventh day, there were signs of extension to 
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the right middle and right upper lobes Blood culture, the ninth day, was sterile 
He died, the ninth day, of myocardial failure There was no response to 
phlebotomy and all the cardiac stimulants 

In this case, there was no notable improvement under antibody treatment, 
and the process extended rapidly 

Case 37 — A man, aged 26, a Swiss, was admitted with a Type IV pneumo- 
coccus pneumonia of the right lower lobe After 800 c c of antibody solution, 



the temperature had fallen to 1002 F , the pulse was 95, and respiration was 
30 The night of the fifth day, the temperature had returned to 104 The 
sixth day, the right middle lobe was involved, and the seventh day, the left 
lower lobe as well The eleventh day, the patient died of myocardial failure 
Blood culture on the fourth day was sterile, and on the eighth day showed one 
colony per cubic centimeter of pneumococcus Type IV Material obtained 
from the chest by postmortem puncture also showed a Type IV pneumococcus 
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In this case, the progress was not influenced in any way, and the disease 
spread from one lobe to another in spite of vigorous antibody treatment 

Case 15 — A man, aged 28, an American, with a pneumococcus Type IV pneu- 
monia of the right middle and upper lobes, received nine doses of antibody 
solution, totaling 2,350 cc, after which it w'as discontinued This w'as a case 
which w r as obtained on the first day of the disease, the onset vuth chill occur- 



Fig 12 — Temperature, pulse and respiration in Case 22 


ring at noon, and the patient being admitted to the hospital at 7 55 p m In 
spite of vigorous antibody treatment, the process w'as not halted in the lobe 
originally involved, but, the fifth day, it extended to the right upper lobe and 
w'ent on, ending by lysis on the seventh day 

Casf 22 — A man, aged 25, a Spaniard, with a right low'er lobar pneumonia, 
w'as admitted, the fourth day of the disease, and the crisis occurred, the ninth 
day There were no complications of any sort 
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SUMMARY AND CONCLUSIONS 

1 The subcutaneous administration of pneumococcus antibody solu- 
tion is attended by a very low incidence of thermal reactions as com- 
pared with its intravenous use, as leported by Cecil and Larsen, and 
Conner 

2 The subcutaneous injection of pneumococcus antibody solution 
invariably produces a painful tissue reaction, and this may persist 
for days 

3 The subpectoral region seems to be the most favorable site for 
injecting pneumococcus antibody solution 

4 In our series of twenty-three cases treated by antibody solution, 
only four cases gave evidence of subjective and objective improvement, 
while the remaining nineteen cases, m our opinion, did not appear to be 
benefited by it 

5 Pneumococcus antibody solution administered subcutaneously 
did not, in oui very limited experience, tend to sterilize the blood 
stream 

6 Subcutaneous antibody treatment is of less value m Type I pneu- 
mococcus infections than is T)pe I pneumococcus antiserum admin- 
istered intravenously 

7 Subcutaneous antibody tieatment does not ajipear to prevent 
extension of the pneumonic process from one lobe to another 

8 The best results were obtained m Type IV pneumococcus pneu- 
monias m which the subcutaneous antibody treatment registered a mor- 
tality of 10 per cent as compaied to a mortality of 21 42 per cent m 
the conti ol Tyjie IV cases If these results were due to antibody solu- 
tion, it would seem piobable that they were attributable to a non- 
specific action of the solution 



Book Reviews 


Differential Diagnosis Vol II By Richard C Cabot, M D , Professor of 
Medicine and of Social Ethics at Harvard University Third Edition 
Cloth Price, $9 00 Pp 709, 254 illustrations Philadelphia W B 

Saunders Company, 1924 

This edition represents an amplification of the cases m former editions 
Three hundred and seventeen cases are analyzed and discussed in a quite 
novel manner, and aie grouped according to symptomatology and physical 
findings It is composed of nineteen chapters, a large portion of the work 
being devoted to abdominal tumors and enlargements and to such topics as 
vertigo, dyspepsia, diarrhea and edema The book is printed in large tvpe 
on good papei and is piofusely illustrated It is very readable, and contains 
a great amount of information gained from a large experience It should 
be particularly valuable to the general practitioner in medicine 

Clinical \nd Experimental Studies of the Obstetrical Pai sies or Pltxus 
Braciiivlis By S G K Bentzon Copenhagen Levin and Munksgaaid, 
1922 

After an extensive discussion of the literature on the symptomatology 
etiology and pathology of birth palsies, Bentzon concludes that overstretching 
of the brachial plexus is the chief cause of the Duchenne-Erbs type, thereby 
endorsing the opinion of Clarke, Taylor and Trout It is caused by lesions 
of the fifth and sixth cervical roots near the junction of these roots The 
author made many anatomic and experimental studies in order to determine 
the reason for the peculiar distribution of the paralysis among the mam 
muscles that are innenated by these nerves The most constant finding is 
the fixation of the arm in nnvaid rotation due to the fact that the sub- 
scapularis muscle is unaffected It was found that the scaleni protected the 
proximal portions of these nerves against pressure, that traction on penpheial 
nerves is easily' transmitted to the plexus, even to the roots, that by' the use 
of a special apparatus by means of which the distance between the mastoid 
process and the homolateral acromioclavicular joint could be increased in still- 
born children, and by careful dissection, the entire plexus was easily exposed 
so that, in the various manipulations, degrees of stretching, place of rupture 
of nerves and probable manner of occunencc of these injuries were demon- 
strated It is evident that when nerves are taut only slight amounts of pressure 
properly applied are necessary to cause great damage The seven muscles 
most frequently affected m this type are innervated by the nerves which are 
shown to suffer the greatest sti etching by this method 

The prognosis is considered as to the paralysis itself and as to the con- 
tractures with their sequelae The prognosis is usually good because the lesion 
is due mainly to stretching and not to rupture of the nerves Earlv treatment 
with physiotherapy influences the end-result greatly', particularly if begun before 
the development of contractures and deformities The author discourages 
operations on the brachial plexus for relief of this condition 

Klumpke’s type, l e , lesions of the lower cervical and first dorsal nerves, 
is not discussed as fully as the Duchenne-Erb form Pressure on or crushing 
of the nerves between the clavicle and the first rib apparently is the chief 
etiologic factor Raising of the arms and shoulders, especially if the clavicle 
is elevated as well, causes great stretching of the lowei nerves of the plexus 
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notably the median and ulnar nerves This type of palsy is more apt to occur 
in breech and face presentations The prognosis is much less favorable in 
this type of palsy, and direct operations on the plexus are often indicated 
Very little is known of the pathology of either type because of the surprising 
paucity of necropsies 

The author presents thirty-one excellent case histories 
The various theories concerning palsies and the differential diagnosis of 
these conditions, as well as the physiology of the shoulder movement, are 
ably criticised and discussed 
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ALL DAY BLOOD SUGAR CURVES IN NONDIABETIC 
INDIVIDUALS AND IN DIABETIC PATIENTS 
WITH AND WITHOUT INSULIN*' 

LEON JONAS, MD 

Woodward Fellow in Physiological Chemistry, William Pepper 
Laboratory of Clinical Medicine 

T GRIER MILLER, MD 

AND 

IDA TELLER, AB 

PHILADELPHIA 

INTRODUCTION 

Despite the many excellent studies on the use of msulm m diabetes, 
there has, as yet, been evolved no satisfactory routine method of regu- 
lating the dosage and the time of its administration It is obviously to 
be desired that the doses be as small and the administrations as infre- 
quent as possible Moreover, with a diet adequate for maintenance and 
reasonable activity, the hlood sugar concentration throughout the day 
must be held within normal limits To accomplish this requires, first, 
an appreciation of what the normal blood sugar values throughout the 
day are and, second, an understanding of the effects that various diets 
and msulm dosages, and certain combinations of these, produce m 
diabetic patients Only by intensive studies of the blood sugar concen- 
tration on large numbers of both normal persons and those m 
differing stages of the disease, can this knowledge be obtained Our 
purpose, in this paper, is to present the results of such investigations, 
which we have made in this hospital during the last year, and to develop 
certain general rules for the use of msulm m the management of cases 
of diabetes Incidentally, we will suggest a simple, practical method 
of estimating the full day blood sugar level in individual cases First, 
blood sugar curves obtained from nondiabetic persons on adequate diets 
will be presented, then those from patients with diabetes of varying 
severity who were not being treated with msulm, and, finally, those 
from diabetic patients who were receiving msulm 

*From the William Pepper Laboratory of Clinical Medicine and the medical 
division of the University Hospital, University of Pennsylvania School of 
Medicine 



290 


ARCHIVES OF INTERNAL MEDICINE 


MATERIAL AND METHODS 

All the patients utilized were adults who had been under careful 
obseivation in the hospital for at least several days and were free of 
acidosis The men were kept in a special metabolic ward while the 
women were in a general medical ward but closely watched Certain 
nondiabetic patients served as controls The food for all was prepared 
and weighed by a trained dietitian For the sake of simplicity, as much 
as possible of the data relative to the individual patients is supplied in 
connection with the charts, and this is not 1 epeated in the text 

The blood samples were removed from the veins at the elbow and 
analyzed by the method of Folin and Wu 1 The specimens collected 
during the day were oxalated and analyzed immediately, while, during 
the night, with the exception of a few, they were collected in tubes con- 
taining sodium fluorid and thymol, as recommended by Sander, 2 and the 
determinations made the next morning In a few of the earlier night 
collections, a drop of formaldehyd was added to the blood, and the 
analysis immediately carried to the stage where the water-clear filtrate 
was obtained This filtrate was then placed in an icebox until the next 
morning, when the analysis was completed Controls on both methods 
of preserving the specimens showed no change in the sugar concentra- 
tion after they had stood from twelve to eighteen hours 

DESCRIPTION or DAT \ 

Nondiabetic Patients — In Charts 1 to 6 are presented curves show- 
ing the hourly variations in blood sugar thi oughout twelve-hour periods 
on ward patients who were nondiabetic and had none of the other condi- 
tions commonly associated with hypergl) cenna As a group, it may be 
said of these that, with the food reasonably adequate and equally dis- 
tributed among the three meals, the fluctuations in the concentration of 
blood sugar ranged from 0 075 to 0 155 per cent It is also to be noted 
that the high points in the curves usually occurred one houi after the 
meals the highest in three of the six, after bieakfast, in two, aftei 
supper , m one, after lunch , and that there was a tendency for the 
curve to fall back to the fasting level within from one to two hours after 
each rise due to food 

Patients With Mild Diabetes Without Insulin — Charts 7, 8 and 9 
piesent curves from patients with mild diabetes who were not receiving 
any insulin but who had, for some time, been managed on dietary 

1 Fohn, O , and Wu, H A System of Blood Analysis , Simplified and 
Improved Method for Determination of Sugar, J Biol Chem 41 367-374 
(March) 1920 

2 Sander, F V Preservation of Blood for Chemical Analysis, J Biol 
Chem 58 1-15 (Nov ) 1923 
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Chart 1 — Blood sugar curve in a white man, aged 49, weighing 58 kg , who 
entered the hospital, April 13, 1924, with typhoid fever, he was fully convalescent, 
going about the ward and on full diet at the time of the experiment In this 
and in the following charts, the abscissas represent time intervals beginning in 
the forenoon, each space equaling thirty minutes, the figures at the top being 
hours, the ordinates represent milligrams of blood sugar per hundred cubic 
centimeters of blood (or thousandths of 1 per cent), each space equaling 
10 mg Such spaces also represent 10 gm of food and 10 units of insulin where 
these are indicated The food is presented in grams of protein, fat and carbo- 
hydrate , the protein by an open column , the fat by a hatched one, and the 
carbohydrate by a solid one In all instances, the time of administration is 
indicated by the left border of the protein column , the insulin, by a narrow, 
solid, perpendicular line, and chart numbers correspond to the curve numbers 
m the text 
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Chart 2 — Blood sugar curve in a white man, aged 35, weighing 52 5 kg , 
confined in the hospital from July 16 to Aug 6, 1924, diagnosis, gastric 
neurosis (hyperacidity) 



Chart 3 — Blood sugar curve in a white man, aged 63, weighing 50 kg, con- 
fined in the hospital from July 16 to Aug 2, 1924, diagnosis, arthritis deformans 
He had had symptoms for two years There was slight secondary anemia 
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restriction alone It will be noted that in Cases 7 and 8, the fasting 
blood sugar levels weie somewhat high (0145 and 0 147 per cent) 
while in Case 9, the value was only 0 100 per cent The foimer two 
present a type of cuive that we have found common to most diabetic 
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Chart 4 — Blood sugar curve in a white man, aged 29, weighing 57 kg 
who was convalescent from lobar pneumonia, and in a good general condition 


Chart 5 — Blood sugar curve in a white man, aged 43, weighing 67 kg, 
who entered the hospital, Jan 12, 1924, diagnosis, chronic appendicitis, X 
indicates full house diet consisting of, approximately, 90 gm of protein, 70 
gm of fat and 200 gm of carbohydrate 



Chart 6 — Blood sugar curve m a white girl, aged 19, weighing 62 kg, 
who entered the hospital, April 7, 1924, because of pain in right hip and thigh, 
diagnosis, myositis 

patients, in that the high points occur after the first and last meals of 
the day, the highest after breakfast, there being only an insignificant rise 
after the midday meal This is seen in only one of our nondiabetic 
patients (Chart 4) Both these curves are on a higher level throughout 
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Chart 7 — Blood sugar curve in a white woman, aged 45, weighing 64 kg , 
who had had symptoms for several years She entered the hospital, March 28, 
1924, showing glycosuria, no ketonuria, and a fasting blood sugar of 0 187 
per cent No insulin had been given 



Chart 8 — Blood sugar curve in a white man, aged 65, weighing 106 kg, 
who had had symptoms for five years He was admitted to the hospital, 
March 27, 1924, at which time he showed glycosuria, no ketonuria, a fasting 
blood sugar concentration of 0 268 per cent , and a plasma carbon dioxid 
content of 55 per cent by volume Insulin therapy was begun April 1, but 
had been stopped before this experiment was made Later, as the diet was 
increased, insulin had to be resumed 



Chart 9 — Blood sugar curve in a white man, aged 55, weighing 75 kg, 
who had had symptoms for five years He was admitted, Jan 10, 1924, showing 
a trace of sugar in the urine, no diacetic acid, and a fasting blood sugar ol 
0 130 per cent No insulin had been given 
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the day than those of our nondiabetic patients In these cases, the car- 
bohydrate in the diet was equally divided among the three meals, though 
the fat content in Case 7 was mci eased in the evening In Case 9, the 
curve is different, being only slightly elevated after the morning meal, 
and steadily rising thioughout the rest of the day, but here the carbo- 
hydrate fraction of the diet was greater at the two later meals The 
diets m all of these cases were fairly adequate, and yet m Cases 7 and 
8, the blood sugar concentration exceeded the accepted threshold value 
for glycosuna (0 170 per cent ) only aftei breakfast It would seem, 
therefore, that these were suitable cases foi a small dose of insulin m 
the early morning 

Patients With Seveie Diabetes Without Insulin — The patients 
whose curves are presented m Charts 10 and 11 may reasonably be con- 
sidered seveie, or potentially seveie, diabetic ones since their fasting 
blood sugar concentrations at the time of admission were 0 288 and 
0 300 per cent , respectively, in spite of the fact that neither showed 
ketonuna The absence of the lattei was undoubtedly due to the fact 
that both had been carefully dieted before admission to the hospital 
Their curves resemble in type those of our milder Cases 7 and 8, 
though at a decidedly higher level The high points reached after break- 
fast and supper are sti iking, particularly m Case 11 It is true that the 
carbohydrate factor in the lunch of this patient was reduced to about 
one-half that of the breakfast, whereas m Case 10 it was increased, but 
this, while it would perhaps explain the difference between the after 
lunch reaction m these two special cases, would not seem a sufficient 
explanation for the general type of the curve This will be discussed 
later 

Patients with Mild Diabetes with Insulin — The curves m Charts 12 
to 21 have been obtained from mild to fairly severe diabetic patients 
who were receiving insulin m moderate quantities The first thiee cover 
full twenty-four hour periods, the food intake being the same at each 
meal and identical for the three patients The insulin dosage also was 
the same, 10 units one-half hour before each meal The effect of the 
morning insulin dosage was to reduce slightly the blood sugar concen- 
tration within the half-hour before breakfast, this reduction being 
promptly overcome by the food In Cases 12 and 13, there was a definite 
rise in the sugar concentration within fiom one to two hours after each 
meal, highest in the morning and least marked aftei the midday 
meal, as m two of our mild and one of our severe cases without insulin 
It is striking that this was not true m Case 14, there occurring only a 
slight rise aftei breakfast and then a steady drop throughout the day, 
m spite of food This result aroused our interest, and we requested 
roentgenologic study of the gastro-mtestmal tract of this patient to 
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detaining it tlicic was am indication of dclajed emptying of the 
stomach which might account foi dclajcd absoiption We w’eie siu- 
pii^ed to iccei\e a i epoi t to the eficct that the patient had evidence of 
"ome toieign substances m the stomach, possibly benign lumois, and 
that these did intei toe with gnstnc ccncuation 



(i it H- -l.lnt.il sag ir cum m 1 white nnn, agid 56, weighing 74 Kg, 
< a i os icrmiit, tl\ Hi hid •.himn i Unduu\ to ghcosurii for se\en jears, 
>* *h"> v i cniiiinlltd mo t oi ill n t mu !>\ c.irilul dieting He had received 
>■ da ill idtnis'-K.n to the hnvpit il, \pitl 28, 1021 tin urine contained 

'go 1 .*! no 5 linin', md tlu listing hlood Migii iiiiouiiled to 0288 per cent 



Ui m 11 —-Blond Mign cum in i white woman, igcd 42, weighing 66 5 kg, 
v ith sMuptom* foi two jiars She mined the hospital, Match 3, 1924, at 
•huh turn sht hid glceosuna, no ketomuia and a hlood sugat of 0 300 per cent 
Insulin w is la gun, Match 15 She was dischatgcd, April 8, aglycosutic, on a 
dut of 60 gm of ptotein, 110 gin of fit and 100 gm of caiholndiate, with 
insulin, 15 units, hi fore breakfast 

I hese thice tuives f Chat Is 12, 13 and 14) w’eie the hist ones w r e 
made, and the similauh of the giadual use dining the night to piac- 
tiialh the fasting !e\el of the picMous morning suggested that it was 
not neeessai) to follow’ all mu eases thioughoul the night 
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Chart 12 — Blood sugar curve in a white man, aged 43, weighing 56 kg, 
with symptoms for two years He entered the hospital, Oct 29, 1923, showing 
sugar but no ketones in the urine, a fasting blood sugar of 0 169 per cent, and 
a plasma carbon dioxid content of 62 per cent by volume Insulin was begun, 
November 10 He was discharged, November 30, shovnng no sugar or ketones 
in the urine, on a diet of 60 gm of protein, 125 gm of fat, 125 gm of carbo- 
hydrate and 10 units of insulin before each meal 
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Chart 13 — Blood sugar curve in a white man, aged 23, weighing 50 kg , 
with symptoms of four and one-half years’ duration He entered the hospital, 
Nov 7, 1923, showing glycosuria, ketonuria, a fasting blood sugar of 0244 
per cent and a plasma carbon dioxid content of 30 per cent by volume Insulin 
was begun on the second day He was discharged, December 12, showung no 
sugar or ketones in the urine on a diet of 60 gm of protein, 150 gm of fat 
and 150 gm of carbohydrate, while taking insulin, 10 units, before each meal 
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Chart 14 — Blood sugar curve in a white man, aged 54, -weighing 55 kg, 
who had had recognized diabetes for eight years He entered the hospital, 
Nov 9, 1923, showing glycosuria, no ketonuria, a fasting blood sugar of 0 268 
per cent and a plasma carbon dioxid content of 58 per cent by volume Insulin 
therapy was begun, November 15 He was discharged, November 30, without 
sugar or ketones m the urine, on a diet of 60 gm of protein, 110 gm of fat 
and 120 gm of carbohydrate, and taking insulin, 10 units, before each meal 
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In the next case (Chait 15), onlv a morning dose of 10 units of 
niMihn was gnen with the bicalcfast, and it will be noted that there 
occuned no use aftet the midda) meal, but a distinct, though slow, one 
after the e\enmg meal The same otcuiicd in Cases 16 and 17, though 
20 units of insulin wete used To hate pictcnted the e\ emng rise, a 
second dose would seem to ha\e been indicated Consequent!}, in Case 



( h ,1 3 ; - -Flood sn<> !5 eur\c m i white man, aged 52, weighing 83 kg, 
u ih \m,n< "i i**j eight eears lie entered the hospit il, Fell 9, 192-1, showing 
, h co nr. i, no kctonurii and a fisting blood sugar of 0206 per cent Insulin 
> leu i Fthn.a'x 2i He was discharged, March 3, stigai free, on a diet 
e>f (0 , n o* protun, 110 gin of lat and 100 gin of carbolndrate, with 10 units 
■ i n* ' hti 1 c*«* e hrtal i isl 



( lnrt 16— Flood sugar in i white woman, aged IS, weighing 9-1 kg, with 
s\niptoj»s for oik je ir She enteied the hospital, Januarj 27, at which time 
<he h «d i listing Mood sugar oi 0 221 per cent and a plasma carbon dioxid 
content of 07 per emt b\ \olume, but no ghcosuria on a full diet No insulin 
h id been used 

18, somewhat mote se\eic, w r c gate, in addition to 20 units of insulin in 
the monimg, an evening dose of 10 units Thcie icsulted no sharp 
use in the evening unve, but a steady one, o\ci foui hours, to a point 
ehghth lughei than the morning level, and this occtuied in spite of a 
ieduction in the amount of eaibohydiate at the suppei This second 
dose should, thcicfoic, have been a laigci one 
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Cases 19 and 20, which were still more severe (fasting levels 0 182 
and 0 196 per cent ), weie given larger morning doses of insulin (25 
units) but, at the same time, moie carbohydrate (65 gm each) at 
breakfast, and the insulin was given half an hour before the food In 
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Chart 17 — Blood sugar curve in a white woman, aged 50, weighing 68 5 kg , 
with symptoms for two years She entered the hospital, Jan 16, 1924, at which 
time she had glycosuria, no ketonuria, a fasting sugar reading of 0 224 per 
cent , and a plasma carbon dioxid content of 65 per cent by volume Insulin 
was begun one week later She was discharged February 16, sugar free on 
insulin, 10 units, twice daily, and a diet of 60 gm of protein, 135 gm of fat 
and 120 gm of carbohydrate 



Chart 18 — Blood sugar curve in a white woman, aged 67, weighing 71 kg, 
with symptoms for twelve years She entered the hospital, Dec 18, 1923, 
because of gangrene of the toe, at which time she had glycosuria, no diacetic 
acid, a fasting blood sugar of 0208 per cent, and a plasma carbon dioxid 
content of 56 per cent by volume She had been untreated until admission 
Insulin therapy was begun, December 20 

neither of these did the rise m the sugai concentration after breakfast 
reach the fasting level, thus suggesting an advantage in giving the insulin 
a short time before the meal Here, again, it will be noted that there 
occurred no use immediately following the luncheon, though no special 
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significance can be attached to this in these two instances, since the car- 
bnlmhatc factoi m the midday meal was iclatnely small Later m the 
afternoon, there was a distinct use, so another dose of insulin was 
indicated before stippei 

1 he cm \c in Cliait 21 is fiom a fairl) sc\ere diabetic patient w-ho 
had been improving steadily undci insulin It was planned to give him 



t i. i-t 10 — Ulniul ‘'Uk ir curve in a white nnn, lgcd 34, weighing 43 kg, 
' .tii vmpnms tor four mouths He entered the hospital, Dec 30, 1923, at 
v h'el. turn he showed }. lvco'-uri i, ketonuria, a fasting lilood sugar of 0 343 
l>< r a u i. d i pi i Min culmn dio'id content of 30 per cent In -volume Insulin 
v It U" 1 .n ' 1*>2 5 



Chut 20--l'lot>d sng ir curve in a white man, aged 39, weighing 57 kg, 
v itli swnptoms lor tv o ve irs He hid had furuncles for three weeks before 
admission Jl< intend the hospital, Dec 9, 1923, at which time lie was 
glvioMinc, Dimitim, and hid a fasting blood sugar reading of 0283 per cent 
md ■ pi iMiia c irhon dio'id eont< nt of 31 per cent hj volume Insulin thcrapv 
v is begun on the s ( cond d i> lie was discharged, Jan 20, 1924, with no 
sue ii or di icetic irnl m the urine and on a diet of 55 gm of protein, 170 gm 
of fit, 80 gm of c irbolndr it( , and 30 units of insulin before breakfast 

only la units the day of mu expenment, but by mistake he teceived 
40 units We thcrefoie mci cased Ins cat boh) dt ate, a half-hotu later 
to 50 gm f twice the amount it had been intended he should have), and 
gave the same amount at luncheon, thus seeming the tcry satisfactory 
nine which is piesentcd 
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In reviewing this group, it will be obseived that when the insulin 
was given at the same time as the bieakfast, a use m the blood sugar 
concenti ation developed after this meal Even when only 10 gm 
of carboh)drate was given with 40 units of insulin, as m Case 21, there 
occurred no immediate fall, and a moderate rise after the regular bi eak- 
fast, thirt)'- minutes later In those, however, in which the insulin was 
given alone one-half hour before breakfast, a prompt decline in the 
blood sugar value developed, and the peak of the rise which followed 
the meal was usually below the fasting level Thus, it would seem clear 
that to avoid the excessive hyperglycemia incident to the first meal of the 
day m these mild cases, the insulin should be given at least thirty 
minutes before the food 

Patients with Sevei e Diabetes with Insulin — It is not so satisfying 
to present the remaining cases, those of severe diabetes with insulin, 
because a practical method of securing curves approaching the normal, 





S 

16 1' 

ier 

' 5, 

'22, 

24 







/ 









— 




, • 1 









i 










\ 




/ 






s' 





\ 


f 







\ 






'X 

/ 






1 

V 

N 














Chart 21 — Blood sugar curve in a white man, aged 25, weighing 106 kg , 
with symptoms for five years He entered the hospital, March 27, 1924, at 
which time he showed glycosuria, no ketonuria, a fasting blood sugar of 
0268 per cent, and a plasma carbon dioxid content of 55 per cent by volume 
Insulin therapy was begun, April 1 He was discharged, May 29, sugar free, 
taking a diet of 55 gm of protein, 160 gm of fat and 80 gm of carbohydrate, 
with no insulin 


m a routine manner, has not been evolved We feel, howevei, that our 
curves are enlightening and may eventually lead to more satisfactory 
results 

In certain cases of this group, only one large daily dose of insulin 
was given in an attempt to determine if it were possible to treat efficiently 
these patients with the one dose a day , this was given immediately before 
breakfast, and most of the caibohydrate allowed for the day was given 
at that meal Chart 22 shows two curves of a patient who was being 
managed in this way, with an interval of one week between them Only 
a morning dose of insulin was given each day, 35 units the first time and 
40 the second, and it was administered immediately before breakfast 
The improvement that occurred during the week, as shown m the 
general level of the curves, is manifest The fasting levels were not 
exceeded during the twenty-four hours, and theie was no rise after the 
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fust two meals of the day Aftei the suppci, tlieic occiured a steady 
n^e until the following morning The cm \ c fiom Case 23 show's the 
same featmcs In anothci patient (Chaits 24 and 25) the cunes, with 
an mtenal of a week between them, show' similai charactenstics, 
nu ludmg i gieat lmpiovcmcnt in the gcnei.il level dm mg the w r eek, but 
m the-e then. developed a rise aftei bicak fast In view' of our lesults 
m the mildu cases, it was thought that, had the insulin in this instance 
been gnui liom a halt to an hour eailicr, this postbreakfast rise might 



Clitrt 22 — Blood sup ir cuive in a white man, aged 32, weighing 55 Kg, 
>• ith «\mptonis lor oik. vcir lie cnlctcd the hospital, Feb 1, 1924, at winch 
time he had ghcosurii, ketomiri i, a fasting blood sugar of 0 332 per cent, 
md a pltsnn cubon dio\id content of 45 per cent bj volume Insulin was 
begun Februan 5 

have been avoided Even such timing of the insulin dosage is not always 
sufficient to overcome the rise, however, as is illustrated by Case 25 
(Charts 26 and 27) On the other hand, the insulin (40 units) was 
given to another patient (Chait 28) a half-hour bcfoie bieakfast, and 
tlie subsequent use was eliminated So it would seem impossible, in 
the individual scvcie case, to predict whethei or not a dose of insulin 
which is sufficient to bung the sugai conccntiation down to a leasonably 
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In reviewing this group, it will be obseived that when the insulin 
was given at the same time as the bieakfast, a rise in the blood sugar 
concentration developed after this meal Even when only 10 gm 
of caibohydrate was given with 40 units of insulin, as in Case 21, there 
occurred no immediate fall, and a moderate rise after the regular break- 
fast, thirty minutes later In those, however, m which the insulin was 
given alone one-half hour before breakfast, a prompt decline in the 
blood sugar value developed, and the peak of the rise which followed 
the meal was usually below the fasting level Thus, it would seem clear 
that to avoid the excessive hyperglycemia incident to the first meal of the 
day m these mild cases, the insulin should be given at least thirty 
minutes before the food 

Patients with Sevci e Diabetes with Insulin — It is not so satisfying 
to present the remaining cases, those of severe diabetes with insulin, 
because a practical method of securing cuives approaching the normal, 
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Chait 21 — Blood sugar curve m a white man, aged 25, weighing 106 kg, 
with symptoms for five years He entered the hospital, March 27, 1924, at 
which time he showed gljmosuria, no ketonuria, a fasting blood sugar of 
0268 per cent, and a plasma carbon dioxid content of 55 per cent by volume 
Insulin therapy was begun, April 1 He was discharged, May 29, sugar free, 
taking a diet of 55 gm of protein, 160 gm of fat and 80 gm of carbohydrate, 
with no insulin 


m a routine mannei, has not been evolved We feel, however, that our 
curves are enlightening and may eventually lead to more satisfactory 
results 

In certain cases of this group, only one large daily dose of insulin 
was given m an attempt to determine if it were possible to treat efficiently 
these patients with the one dose a day , this was given immediately before 
breakfast, and most of the carbohydrate allowed for the day was given 
at that meal Chart 22 shows two curves of a patient who was being 
managed in this way, with an intei val of one week between them Only 
a morning dose of insulin was given each day, 35 units the first time and 
40 the second, and it was administered immediately before breakfast 
The improvement that occurred during the week, as shown in the 
general level of the curves, is manifest The fasting levels were not 
exceeded during the twenty-four hours, and there was no rise after the 
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fiist two meals of the day After the suppei, there occuired a steady 
rise until the following morning The curve from Case 23 shows the 
same featuies In another patient (Chaits 24 and 25) the curves, with 
an interval of a week between them, show similar chaiactenstics, 
including a great improvement m the geneial level during the week, but 
m these theie developed a use after breakfast In view of oui lesults 
m the mildei cases, it was thought that, had the insulin m this instance 
been given fiom a half to an hour earlier, this postbieakfast use might 



Chart 22 — Blood sugar curve in a white man, aged 32, weighing 55 kg, 
with symptoms for one year He entered the hospital, Feb 1, 1924, at which 
time he had glycosuria, ketonuria, a fasting blood sugar of 0 332 per cent , 
and a plasma carbon dioxid content of 45 per cent by volume Insulin was 
begun February 5 

have been avoided. Even such timing of the insulin dosage is not always 
sufficient to overcome the rise, however, as is lllustiated by Case 25 
(Charts 26 and 27 ) On the other hand, the insulin (40 units) was 
given to another patient (Chait 28) a half-hour before bieakfast, and 
the subsequent rise was eliminated So it would seem impossible, m 
the individual severe case, to predict whether or not a dose of insulin 
which is sufficient to bring the sugar concentration down to a reasonably 
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Chart 23 — Blood sugar curve in a white man, aged 32, weighing 43 7 kg, 
with symptoms for five months He entered the hospital, Feb 6, 1924, at which 
time he had glycosuria, ketonuria, a fasting blood sugar of 0210 per cent, and 
a plasma carbon dioxid content of 39 per cent by volume He had numerous 
furuncles Insulin was begun three days after admission He was discharged, 
February 25, aglycosuric on a diet of 55 gm of protein, 150 gm of fat, and 
80 gm of carbohjdrate, with insulin, 30 units before breakfast and 10 units 
before supper 
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Chart 24 — Blood sugar curve in a white man, aged 36, weighing 52 kg, 
with symptoms for fourteen months He entered the hospital, Feb 7, 1924, at 
which time he showed glycosuria, a fasting blood sugar of 0 222 per cent and 
a plasma carbon dioxid content of 57 per cent by volume He had taken 
insulin before admission 





JONAS ET AL— BLOOD SUGAR CURVES 


303 


low level b} the middle of the day will prevent a rise within an hour 
after breakfast, be it given immediately before or from a half to one 
hour before the fust meal of the day It seems justifiable, however, m 



Chart 25 — Blood sugar curve in same patient as Chart 24 , improvement in 
general level of the cur\e after the lapse of one week 



Chart 26 — Blood sugar curve in a white woman, aged 53, weighing 54 kg, 
with symptoms for two years She entered the hospital, May 6, 1924, at 
which time she showed glycosuria, no ketonuria and a fasting blood sugar 
of 0 329 per cent Insulin was begun May 16 

the light of our experience with the milder cases, to believe that the half 
to one hour interval between the insulin and the food is more effective 
in this respect 
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In Case 26 (short curve of Chart 28), as well as in Case 21, the exper- 
iment was made by giving 10 gm of glucose at the same time as the insulin 
(40 units) and the regular meal a half-hour later to determine how this 
might affect the sugar concentration curve It was thought that, m some 



Chart 27 — Blood sugar curve in same patient as Chart 26 
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Chart 28 — Blood sugar curve in a white man, aged 29, weighing 50 kg, 
with symptoms for two years He entered the hospital, May 10, 1924, showing 
glycosuria, ketonuria, a fasting blood sugar of 0463 per cent, and a plasma 
carbon dioxid content of 15 per cent by volume He left the hospital, against 
advice, June 7, with a trace of glycosuria, on a diet of 60 gm of protein, 100 
gm of fat, and 50 gm of carbohydrate, and insulin, 35 units before breakfast 
and 25 units before supper 

way, this small amount might initiate the mechanism of glucose disposal 
and so prevent the excessive rise in blood sugar after the larger amount 
of carbohydrate given with the breakfast It will be noted, however, 
that even this small dose of carbohydiate itself caused a definite rise 
within thirty minutes, 111 spite of the large accompanying injection of 
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insulin, and that m Case 26 the level was still highei fifteen minuted 
latei, after the bieakfast had been taken The uselessness of this pioce- 
dure is theiefore suggested 

The cuive of Case 27 (Chait 29) lesembles otheis of this gioup, 
except that the second dose of insulin, in the evening, was sufficient to 
pi event a use in the level after suppei, as it was also in Case 26 (long 
cuive) The morning dose m Case 27, howevei, was obviously not laige 
enough foi the seventy of the case and the amount of caibohydiate 
allowed 

These data show that, in the moie seveie cases, it is possible to bung 
the blood sugai level down to a leasonably satisfactoiy figuie by midday 
and to keep it theie dm mg most of the afternoon by giving a laige dose 
of insulin one-half to an houi befoie bieakfast A second dose in the 



Chart 29 — Blood sugar curve in a white woman, aged 62, weighing 44 kg, 
with symptoms for six years She entered the hospital, Jan 20, 1924, at which 
time she showed glycosuria, ketonuria, a fasting blood sugar of 0440 per 
cent, and a plasma carbon dioxid content of 35 per cent by volume Insulin 
therapy was begun at once She was discharged, April 6, still showing traces 
of sugar in the urine, no ketonuna, a fasting blood sugar of 0 300, and a plasma 
carbon dioxid content of 59 per cent by volume At this time, she was on a 
diet of 80 gm of protein, 140 gm of fat and 100 gm of caibohydrate, and 
getting insulin, 20 units befoie breakfast and 10 units before supper 

late afternoon, piovided it is of sufficient amount, will pi event any 
maiked use after suppei It was fiequently obseived, howevei, that 
such ti eatment did not pi event a slow l lse during the night to an unsatis- 
factoiy level by the following morning 

To overcome this excessive morning concentration, we have, m cer- 
tain instances, administered a third dose of insulin at midnight, thus 
giving it at practically eight-houi periods Charts 30, 31 and 32 show 
the effects of such timing of the insulin dosages The cuive in Chart 30 
was made of a patient who had been showing glycosuria and high moin- 
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ing fasting figures consistently on a fixed diet and with adequate morn- 
ing and evening doses of insulin On the day of the experiment (no 
insulin having been given during the preceding night), with the same 
diet and the same two day doses of insulin, a third midnight dose (10 
units) was added It will be observed that, as a result, the concen- 
tration on the following morning was only 0 131 per cent , and that the 
curve was practically flat throughout that night Chart 31 shows 
similar features It is unfortunate that we could not have continued 
these curves for another twelve hours for comparison with the previous 
day If one started with the low morning level, it seems probable 
that a very satisfactory result throughout the twenty-four hours would 
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Chart 30 — Blood sugar curve m a white woman, aged 70, weighing 55 kg, 
with diabetes of five years’ duration She was admitted, June 3, 1924, with gly- 
cosuria, mild ketonuria, a blood sugar of 0 352 per cent , and a plasma carbon 
dioxid content of 53 per cent by volume Insulin therapy was begun, June 9, She 
was discharged, July 16, at which time she was taking 60 gm of protein, 130 
gm of fat, 70 gm of carbohydrate, and 30 units of insulin before breakfast, 
10 before supper and 10 at midnight On this regimen, she became free of 
ketones and sugar in the urine, and had a fasting blood sugar of 0 122 per cent 


have been obtained This is proved, apparently, by the fact that the 
patients on this regimen became free of sugar m the urine There were 
at no time any symptoms of hypoglycemia 

Finally, a curve was obtained from another patient (Chait 32) who 
had been on three doses of insulin daily, so timed, for a week, and who 
in consequence had become aglycosuric On admission to the hos- 
pital, she was practically in diabetic coma A few days later, her fasting 
blood sugar level was 0 262 per cent, and the peak of the use, after 
breakfast, with a preceding dose of 25 units of insulin, was 0 327 per 
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Chart 31 — Blood sugar curves m a white man, aged 57, weighing 49 kg, 
with symptoms for ten months The Wassermann reaction was positive On 
admission to the hospital, the urine showed sugar, acetone and diacetic acid , 
the blood sugar was 0 232 per cent , and the plasma carbon dioxid content, 40 
per cent by volume With three doses of insulin daily, as shown in this 
chart, the urine became sugar free, and later continued to be sugar free on two 
doses daily, 15 units before breakfast and 10 before supper On discharge, the 
fasting blood sugar level was 0115 per cent 



Chart 32 — Blood sugar curve in a white woman, aged 34, weighing 53 kg, 
with symptoms of diabetes for four years She was treated in several hospitals, 
and had had insulin for a time, but had stopped it before admission to the 
University Hospital On admission, she was practically in coma, though 
slightly responsive to commands She had a blood sugar concentration of 
0 548 per cent and a plasma carbon dioxid content of 7 per cent by volume 
Ketonuria was marked She came out of coma after the administration of 
180 units of insulin and glucose, intravenously, during the first twenty-four 
hours Three days later, when on diet of 45 gm of protein, 35 gm of fat, 
115 gm of carbohydrate and insulin, 60 units, the curve in the upper part 
of the chart was made A week later, the lower curve was made She was 
then entirely free of both sugar and ketones in the urine 
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cent (upper cuive in Chart 32) At this time, we began to give 10 
units of insulin at midnight, without any food, later increasing the 
dosage to 15 units Then he became sleepless, had a little sweating 
and a sensation of hunger To overcome these symptoms, 10 gm of 
carbohydrate were given at the same time as the night insulin, and, 
finally, the latter was reduced to 5 units, but the carbohydrate feeding 
was continued The hypoglycemic manifestations were m this way 
promptly controlled The curve presented shows no excessive hyper- 
glycemia on a diet containing 50 gm of protein, 115 gm of fat and 
110 gm of carbohydrate At the same time, she was getting a total of 
only 45 units of insulin 25 units a half-hour before breakfast, 15 
units a half-hour before supper, and 5 units at midnight The lowest 
blood sugar value (0 112 per cent ) was present at midnight, suggesting 
that the dose of insulin before supper might safely have been somewhat 
reduced We have not obtained such a marked reduction in the fasting 
blood sugar level so quickly without the use of insulin during the night 

COMMENT 

The response of the human organism to the ingestion of a single 
dose of carbohydrate, as determined by the sugar concentration of the 
blood for from two to four hours afterward, has been extensively studied 
in both normal and diabetic subjects, but sufficient attention has not 
been directed to the reaction that follows repeated meals of mixed 
composition throughout full day periods Such studies are of great 
practical importance in connection with the administration of insulin to 
patients with diabetes 

It is of course fully appreciated that ordinarily, unless insulin has 
been administered beforehand, a rise in the blood sugar level follows 
every meal containing carbohydrate That diets free of carbohydrate 
have no such effect m normal persons is also understood This has 
been demonstrated by several investigators, among them Mosenthal, 
Clausen and Hiller, 3 who showed, however, that in patients with mild 
diabetes there sometimes occurred a slight use after meals containing 
only very small amounts of carbohydrate These aspects of the problem 
have not been touched on in our work, neither have we studied the 
effects of insulin alone, without food, on the blood sugar concentration, 
because this has been adequately presented by Banting, Best, Collip, 
Campbell and Fletcher 4 5 and by Fletcher and Campbell 6 Their curves 

3 Mosenthal, H O , Clausen, S W , and Hiller, A The Effect of Diet on 
Blood Sugar, Arch Int Med 21 93 (Jan ) 1918 

4 Banting, F G , Best, C H , Collip, J B , Campbell, W R , and Fletcher, 
A A Pancreatic Extract in Diabetes, Canad M A J 12 141-146 (March) 
1922 

5 Fletcher, A A , and Campbell, W R The Blood Sugar Following 

Insulm Administration, J Metabolic Res 2 637-649 (Nov -Dec ) 1922 
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were plotted to show hourly variations in the blood sugar over periods 
of fiom foui to seven hours and the values at less frequent intervals foi 
a longer time As is now well known, they found a steady fall in the 
cuive, which leached its low point at from two to twelve hours, usually 
four, and leturn to the original level at a variable rate The geneial 
effects were found to be the same in nondiabetic patients and in diabetic 
patients, but there was a tendency for the decline to be dependent on the 
initial blood sugar concentration, being greater with the higher 
fasting level 

Oui interest has centered mainly on the effects of three meals of 
mixed composition, on the level of blood sugai throughout the day m 
diabetic patients, and on the modifying influence of insulin administra- 
tions In our work, it soon became apparent that the effect was not the 
same for each meal of the day, whether nondiabetic or diabetic patients 
were being studied, and whether or not insulin was being given The 
general tendency, with three meals of equal composition, was for the 
maximal rise to occur after breakfast Mosenthal, Clausen and Hiller 
had noted this in their nuld diabetic patients who were on diets largely 
free of carbohydrate When large amounts of carbohydrate were given 
to one of their diabetic patients, however, they got a different result, the 
blood sugar figures after the noon and evening meals being greater 
than after breakfast From this single case, they inferred that the 
course of events in diabetic patients with a high carbohydrate diet was dif- 
ferent It must be pointed out, however, that the amounts of carbohydrate 
given at the latei meals in their case were greater than the amount 
given at breakfast (116 and 7 5 gm as against 45) Our results, as 
seen in many cases of both mild and severe diabetes m which the patients 
received the same amount of carbohydrate at each meal, indicate that 
the maximal rise usually occuis after the breakfast, even when an 
adequate amount of carbohydrate is allowed It would seem, there- 
fore, that this holds true for diets either low or reasonably high in 
carbohydrates 

Hamman and Hirschman G have observed m normal persons that 
superimposed doses of glucose are not necessarily always followed by 
a stephke rise in the blood sugar, but frequently by a less marked 
leaction or none at all, and they concluded from their expenments that 
the ingestion of glucose in some way stimulated the mechanism of 
carbohydrate disposal so that the repeated ingestion of the same amount 
caused a less maiked hyperglycemia Similar results were obtained by 

6 Hamman, L , and Hirschman, I I Effects Upon the Blood Sugar of 
the Repeated Ingestion of Glucose, Bull Johns Hopkins Hosp 30 306 (Oct ) 
1919 
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MacLean and de Wesselow, 7 who gave the glucose doses at one and 
one-half hom intervals Their curves after the first and the second 
doses had the same form, but the first one was distinctly more elevated 
The explanation they give is that the hyperglycemia resulting from the 
first dose initiates the glycogen-forming mechanism which causes a fall in 
the sugai level, and that this mechanism, not having subsided when the 
second one is given, tends to prevent so marked a blood sugai concentra- 
t on after that dose In diabetes, they feel that this mechanism fails m 
varying degree Foster 8 also has presented cui ves showing a less decided 
reaction from a second dose of glucose in normal persons, and has 
adduced evidence that seems very convincing m favor of the theory 
advanced by MacLean and de Wesselow This hypothesis has been 
questioned, however, by Folin and Berglund 9 who believe that the fall 

9 Folin, O , and Berglund, H Transportation, Retention and Excretion 
of Carbohydrates, J Biol Chem 51 213-273 (March) 1922 
comes when the tissues are well supplied with available food material, 
and that the lower level is simply an index of the fact that the need for 
sugar transportation from some tissues to others has temporarily dropped 
very low or ceased altogether 

Whatever the tiue explanation may be, our only immediate interest 
is in the fact that under certain cncumstances, in both nondiabetic and 
diabetic patients, a second dose of cai bohydrate, given within a few hours 
after the first, does not cause such a high blood sugar rise as the former 
one This is seen m many of our cases in which no insulin was used 
(Charts 4, 5, 6, 7, 8, 10 and 11), including both nondiabetic and diabetic 
It also occurred m many of the cases m which insulin was given, but 
m these the insulin itself was probably the mam factor 

It seems essential, however, m order to secure this lessened rise 
after a second dose, that not too long a period elapse between the 
feedings MacLean and de Wesselow found that in normal persons 
an interval of three or four hours was sufficient for the sugar concen- 
tration again to reach the fasting level and that the reaction to the second 
dose was independent of the first one It may be assumed, according to 
their theory, that in this length of time the glycogen-forming mechanism 
subsides This would seem to explain those of our cases m which the 
rise after luncheon or the evening meal was equal to or greater than 
that after breakfast (Charts 1, 2 and 3) Our data would suggest that 
this subsidence of glycogen formation occurs more readily in the non- 
diabetic than in the diabetic patient 

7 MacLean, H , and de Wesselow, O L V Estimation of Sugar Toler- 
ance, Quart J Med 14 103 (Jan ) 1921 

8 Foster, G L Carbohydrate Metabolism, Interpretation of Blood Sugar 
Phenomena Following Ingestion of Glucose, J Biol Chem 55 303-314 (Feb ) 

1923 
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Oui six twelve-hour curves on nondiabetic patients with mixed diets 
show characteristics that can be reconciled with the foregoing considera- 
tions In practically all, there occurred a rise m the blood sugar level 
after each meal When the interval between breakfast and luncheon was 
only three hours, the rise after the latter meal was less than that after 
breakfast, but when the interval was four or more hours, the second 
rise was equal to or greater than the first one It will be noted that 
the cuives from the patients with mild diabetes have the same general 
features except that they are consistently on a somewhat higher level 
In these especially is the higher after-breakfast portion of the cuive 
interesting, as the sugai concentration often exceeded the threshold 
value for glycosuria only at that time This is the justification for the 
common practice of giving insulin in these mild cases only before the 
first meal of the day It is not, as sometimes supposed, because the 
insulin has an effect throughout the full day In our more severe cases 
without insulin (Charts 10 and 11), the sugar concenti ation is seen to 
be high in the latter part of the day as well as in the morning, one curve 
keeping well above the threshold value for glycosuria throughout the 
day These patients would necessarily, if kept on the same diets, require 
an insulin effect continuously 

Oui other curves repiesent experiments with the administration of 
insulin to diabetic patients in varying stages of the disease In the 
beginning (Charts 12, 13 and 14), we followed the Toronto plan of 
giving it before each meal, believing that it was not effective for more 
than four hours, on the average, and wishing to supply it at the times 
that food was being absorbed It soon became apparent, however, that 
unnecessarily low blood sugar values m the afternoon were being 
obtained One of us (L J 10 ) showed this in a previous article It is 
also to be seen in curves published by Wilder, Boothby, Barborka, 
Kitchen and Adams, 11 by Williams 12 and by others Consequently, we 
learned that the midday dose of insulin could well be dispensed with 
In all but the very mild cases, however, the dose befoie supper is 
clearly indicated, as many of our curves m which this dose was omitted 
will show (Chaits 16, 17, 19, 22, 23 and 24) In certain others, even 
small doses of insulin m the late afternoon were not sufficient to keep 
down an evening rise We also discovered that m many seveie cases 
on which unfortunately we were not able to procure satisfactory curves 

10 Jonas, L A Report of Sixty-Four Cases of Diabetes Mellitus Treated 
with Insulin, Am J M Sc 166 687-699 (Nov ) 1923 

11 Wilder, R M , Boothby, William, Barborka, C M , Kitchen, H D, and 
Adams, S F Clinical Observations on Insulin, J Metabolic Res 2 701-728 
(Nov -Dec) 1922 

12 Williams, JR A Clinical Study of the Effects of Insulin in Severe 
Diabetes, J Metabolic Res 2 729-751 (Nov -Dec ) 1922 
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foi inclusion herein, large closes of insulin befoie supper did not pre- 
vent glycosuna and high blood sugar values m the early morning 

In an effort to overcome this high morning blood sugar, we experi- 
mented with a midnight dose of insulin, thus giving these patients three 
doses a day at approximately eight hour intervals (8 a m , 5 p m and 
midnight) Knowing that recovery fiom the effects of the insulin given 
before supper did not occur until about that time, we did not feel that 
it was safe to give it earlier The results from this timing of the 
insulin dosages have been commented on in connection with the detailed 
explanation of our curves, and it need only be noted here that Allen and 
Sherrill 13 have emphasized the need for an insulin effect continuously m 
such cases, no matter how the food is administered, in order to care 
for the glycogen which is constantly being broken down They favor 
its administration before each meal and, in certain severe cases, at six 
hour intervals Still more recently, Allen 14 has suggested that the 
last dose for the day be given an horn after supper or at bed- 
time Oui da* a, howevei, indicate the uselessness, and possibly even 
the harm from hypoglycemia of a midday dose in the oidinary case 
When two doses a day, given before breakfast and supper, respectively, 
do not rid a patient of glycosuria and the morning fasting level remains 
high, we unhesitatingly favor the extia dose being given late enough in 
the evening to reduce definitely the early morning value This, we 
believe, is much more apt to occtu if it is gnen within at least eight 
hours of the morning feeding, usually about midnight Whether or not 
a small amount of carbohydrate should be given at the same tune to 
overcome the possibility of hypoglycemia within the next hour or two 
depends on the patient’s clinical i eaction oi on a blood sugar determina- 
tion made one or two houis aftei the admimstiation of the insulin In 
some cases, we have found it necessary On the other hand, we now 
have under observation a woman who has been receiving 15 units each 
midnight without any food, and at no time has she shown any evidence 
of hypoglycemia 

If we review all our curves, it will be noted that without insulin the 
highest blood sugai concentration usually occuis one hour after break- 
fast and with insulin, eithei at that same time oi just befoie the admin- 
istration of the first dose of insulin for the day They also show that 
practically the lowest blood sugai level without insulin is to be found 
just before breakfast and that with insulin as we have used it, the 
lowest level is just before lunch or m the midafternoon From tins, it 

13 Allen, F M , and Sherrill, J W Clinical Observations with Insulin, 
J Metabolic Res 2 803-985 (Nov -Dec) 1922 

14 Allen, F M Timing of Insulin Doses, J A M A 82 1937 (June 14) 
1924 
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follows that the high and the low points m any case may be discoveied by 
making in one day thiee loutine determinations one before breakfast 
or before the first insulin administration, if that is being used, one 
an hour after breakfast, and one just befoie lunch By means of these 
three estimations, a reasonably accurate picture of the full day curve can 
be formed The upper cuive in Chart 32 was so obtained For prac- 
tical purposes, these aie the only determinations of the blood sugar 
needed in the ordinal y case, though in certain severe ones, it may be 
helpful to know, m addition, the level in the early evening, an hour after 
supper, by which the presupper dosage of insulin may be gaged, and the 
midnight concentration 

Another point of practical importance may be drawn from the fact 
that m diabetic patients without insulin, the highest blood sugar concen- 
tration develops soon after breakfast If sugar occurs in the urine, it 
would be expected m greatest amount at the same time We have 
repeatedly found this to be true, glycosuria often being present at only 
this time in the day In consequence, when only a single specimen of 
mine can be obtained m suspected cases of diabetes, as often happens 
in office practice, one voided an hour or more after breakfast should 
be secured 


SUMMARY AND CONCLUSIONS 

1 A senes of thirty-four blood sugar concentration curves were 
made on twenty-nine patients, six nondiabetic and twenty-three diabetic, 
and covered periods up to 24 houi s This was done in an effort to work 
out a more satisfactory routine method of regulating the dosage and the 
time of administration of insulin to diabetic patients 

2 The ideal method was not arrived at, but the following geneial 
rules for the management of such cases seem warranted 

{a) With a maintenance diet equally distributed among the three 
meals of the day, mild cases of diabetes may be kept within the normal 
limits of glycemia by means of a single dose of insulin administered a 
half-hour before breakfast 

( b ) More severe cases require, m addition to an adequate morning 
dose, a second but somewhat smallei one a half-hour before the evening 
meal 

(c) When the morning fasting level of blood sugar cannot be kept 
below the threshold value for glycosuria by these two doses, a third one 
is indicated at about midnight 

( d ) The amount of insulin to be administered at each time must be 
determined by blood sugar estimations made before and after the meals 
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3 When insulin is not being given and the diet factors are the same 
for each of the three regular meals, the highest blood sugar concen- 
tration occurs usually about one hour after breakfast, and the lowest is 
before breakfast 

4 When insulin is used, as suggested m the foiegomg, the highest 
point may be attained before the first insulin administration of the day 
or an hour after breakfast, while the lowest point is usually reached just 
before the midday meal or m the nudaf ter noon 

5 For practical purposes, it is suggested that, in the study of all 
diabetic patients, three blood sugar determinations should be made on 
one day, one on a specimen collected befoie the breakfast oi befoie the 
first administration of insulin, if that is being used , one an hour after 
the breakfast, and a final one just befoie the luncheon By these three 
estimations a reasonably accurate pictuie of the full day curve can be 
formed 

6 In all cases of diabetes, the single specimen of urine which is 
most likely to show sugai is one voided from one to two hours after 
breakfast 
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A brief preliminary report 1 has already been made of the findings 
obtained in a study of pancreatic and hepatic activity in cases of diabetes 
mellitus It is the purpose of this paper to present these findings m 
detail and, so far as our findings seem to bear on them, to comment 
on certain considerations in this disease 

REVIEW OF THE LITERATURE 

Although the 1 ecent work of Banting 2 and his collaborators has 
contributed an invaluable addition to our methods of treating diabetes 
mellitus, there still remains much to be desired in our knowledge of the 
actual etiology of this disease That a deficiency of the internal secre- 
tion of the pancreas is the immediate cause of the glycosuria is incon- 
testably proved, but the extent to which other organic functions are 
involved still remains a question According to Allen, 3 in most, if not 
m all, cases of diabetes mellitus there must have been a preceding 
disease of the pancreas This investigator believes that such pancreatic 
disease usually involves damage to both the insular and acinous cells 
According to Joslm, 4 although proof for the cause of the disease is 
still lacking, “an antecedent pancreatitis would appear to be the most 

"’•From the Medical Services of the Massachusetts General Hospital, and 
the New England Deaconess Hospital 

This paper is No 28 of a series of studies in metabolism from the Harvard 
Medical School and allied hospitals The expenses of this investigation have 
been, defrayed in part by a grant from the Proctor Fund of the Harvard 
Medical School for the Study of Chronic Disease 

1 Jones, C M Alterations m Liver Function and in the External 
Secretory Activity of the Pancreas m Diabetes Mellitus A Preliminary 
Report, Boston M & S J 189 851 (Nov 29) 1923 

2 Banting, F G , and Best, C H The Internal Secretion of the Pancreas, 
J Lab & Chn Med 7 251 (Feb ) 1922 

3 Allen, F M The Pathology of Diabetes, J Metabol Res 1 165-251 
(Feb) 1922 

4 Joslm, E P The Treatment of Diabetes Mellitus, Ed 3, Philadelphia, 
Lea & Febiger, 1923, p 137 
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logical explanation” The typical pathology of the disease was fiist 
noted by Opie 5 6 m 1900, and later by Weichselbaum and Stangl, 0 who 
described the hydropic degeneration and vacuolization of the island 
cells In studying the pathology of the pancreas m diabetes m human 
beings, Allen found few specimens of the pancreas which did not 
show marks of some damage or infection as the presumable cause of 
diabetes These changes, as a rule, involved a quantitative loss in the 
number of islands, due to hyahmzation and fibrosis The effect of acute 
infections on the pancreas has been noted by Mallory 7 and consists 
chiefly in mitosis and regeneration of the cells m the islands, an indi- 
cation of a preceding destruction or damage to these cells In 
hemochromatosis or diabete bronze we have a clear pictuie of pancreatic 
fibrosis and cellular degeneration, both insular and acinous, together 
with glycosuria 

In addition to the probability that pancreatic pathology is always 
an antecedent to the occurrence of diabetes mellitus, there exists fuither 
clinical and pathologic evidence that the primary oi associated cause 
may be found in disease of the biliaiy tiact Moynihan 8 says, “chronic 
pancreatitis is generally due to gallstone irritation The 

importance of the early recognition and treatment of chronic pancrea- 
titis cannot be exaggerated, for the disease, if left unchecked, may 
produce such sclerosis of the gland that the whole secretory substance 
and the islands of Langerhans may be destroyed The result is diabetes ” 
Judd 9 believes that “cholecystitis is nearly always* associated with a 
certain grade of hepatitis or pancreatitis, or both Pancreatitis 

occurs frequently with cholecystitis and, as a lesult, a definite gross 
change occurs in the pancreas it is possible for infection to 

invade the pancreas by way of the lymphatics from the gallbladdei, and 
in many cases this probably explains the souice of infection, it is 
apparently entirely relieved by treatment foi cholecystitis ” A compre- 
hensive report by Lichty and W oods 10 on the significance of glycosuria 
m gallbladder disease contributes further suggestive evidence in the 
same direction That hepatitis is usually associated with gallbladder 

5 Opie, E T Diabetes Mellitus Associated with Hyaline Degeneration 
of the Islands of Langerhans of the Pancreas, Bull Johns Hopkins Hosp 
12 263, 1901 

6 Weichselbaum, A , and Stangl, E Zur Kenntnis der feineren Veran- 
deringen des Pankreas bei Diabetes Mellitus, Wien khn Wchnschr 14 968, 1901 

7 Mallory, F B Quoted by Joslin, footnote 4 

8 Moynihan, B Abdominal Operations, Ed 3, Philadelphia, W B 
Saunders Company, 1914, pp 402, 403 

9 Judd, E S Relation of the Liver and the Pancreas to Infection of the 
Gallbladder, T A M A 77 197 (July 16) 1921 

10 Lichty, J A , and Woods, J O Significance of Glycosuria in Gall- 
bladder and Duct Diseases, Am J M Sc 167 1 (Jan 1) 1924 
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disease has been emphasized by Judd 0 and Peterman et al J 1 and it is 
lecognized that m catarrhal jaundice, a disease largely involving the 
liver, theie may be an associated glycosuria Of great interest in this 
connection is a very recent report by Frissell and Hajek 12 These 
authors mention the development of glycosuria m three young girls 
following an attack of infectious jaundice In two of the patients the 
glycosuria was apparently transient, but m the third case a full-blown 
and rathei seveie case of diabetes mellitus resulted 

That there is a close relationship between the liver and pancreas in 
carbohydiate metabolism is unquestioned Various theories have been 
propounded attempting to explain the roles played by these organs in 
the utilization of glucose, but until the isolation and use of insulin 
little concrete evidence had been obtained as to the actual processes 
concerned A recent review of the subject by MacLeod 13 indicates 
clearly two facts In diabetic animals the administration of insulin 
enables the liver to store glycogen, and is associated with a rise in the 
respnatory quotient The exact significance of the latter is not entirely 
clear, although it undoubtedly indicates an increased utilization of 
glucose Although numerous investigators have made extensive studies 
of the subject, there is still a question as to the exact mechanism by 
which glucose is utilized Whether the existing glucose is changed 
into an active form, the so-called gamma glucose of Winter and Smith , 14 
or whethei the tissues are enabled to oxidize moie readily glucose or 
the liver to supply it m an available form, is still unknown According 
to Geelmuyden 15 and othei German investigators, insulin acts by 
inhibiting the overproduction, by the liver and other tissues, of glucose 
from fat, a distinctly novel theory Whatever the precise mechanism 
involved may be, it is evident that m diabetes mellitus the diminution 
or absence of the internal secretion is the pnmary consideration, but 
it is also probable that in addition there is a marked disturbance m 
hepatic function, which is associated with lack of glycogen foimation 
and storage Pathologically, it is well recognized that diabetic livers 
are practically depleted of their glycogen deposits In this connection 
the stukmg work of Mann and Magath 10 is of extreme interest These 

11 Peterman, M G , Priest, W S, and Graham, E A The Association 
of Hepatitis with Experimental Cholecystitis and Its Bearing on the Patho- 
genesis of Cholecystitis in the Human, Arch Surg 2 92 (Jan ) 1921 

12 Frissell, L F, and Hajek, Joseph Insulin in the Severer Forms of 

Diabetes, with Report of Cases, Arch Int Med 33 230 (Feb ) 1924 

13 MacLeod, J J R Insulin, Physiol Rev 4 21 (Jan ) 1924 

14 Winter, L B , and Smith, W Nature of Sugar in the Blood, J Physiol 
57 100 (Dec ) 1922 

15 Geelmuyden, H C Metabolism in Diabetes, Klin Wchnschr 2 1677 
(Sept 3) 1923 

16 Mann, F C , and Magath, T B Studies in the Physiology of the Liver, 

Arch Int Med 30 73 (July), 171 (Aug) 1922, ibid 31 797 (June) 1923 
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investigators, m animal experiments, conclusively showed that the 
liver is of great importance m the normal control of carbohydrate 
metabolism, and that there exists an intimate relation between the 
liver and the pancreas in this process In their animals hepatectomy 
produced death due to hypoglycemia, on account of the removal of the 
chief agent for storage and production of available glucose The hyper- 
glycemia following pancreatectomy was found to depend in a large 
measure on the presence of the liver, since removal of that organ after 
pancreatectomy caused an immediate drop to an abnoimally low level 
in the previously high blood sugar 

In this connection the work of Ohlei and Broun 17 is of interest 
These investigators, in work as yet unpublished, have attempted to 
produce evidence of a disturbance of liver function in diabetes mellitus 
The recently introduced dye test for hepatic function, phenol- 
tetrachlorphthalein test, was employed in studying a series of diabetic 
patients In no case without obvious liver pathology was there any 
abnormal retention of the dye in the blood serum Although such 
results undoubtedly indicate the absence of profound liver changes, 
it is to be questioned whether they present any evidence against the 
existence of a functional disturbance of the liver in diabetes mellitus 
It is also of interest to mention the fact that these observers found that 
cases of liver disease of sufficient severity to show a retention of 
phenoltetrachlorphthalein in the blood stream also showed a reduced 
sugar tolerance It may be added that present evidence would seem 
to indicate that the dye test for liver function, although an improvement 
on many older methods, still leaves much to be desired as a method 
foi detecting any but gross disturbances of liver function 

That the internal secretion of the island cells of the pancreas and 
the integrity of the hepatic function are not the only factors affected 
m diabetes mellitus, and that insulin alone may not be entirely sufficient 
m controlling all the features of the disease, is suggested by recent 
investigative reports Allen 3 is responsible for the statement that 
the differences that still exist between a "total” diabetic animal and a 
totally pancreatectomized animal "furnish evidence, first, that the pro- 
found cachexia following total pancreatectomy is not due solely to the 
failure of carbohydrate metabolism or the hyperglycemia or glycosuria 
resulting from this failure, and second, that the alpha duct acinous or 
other cells of the pancreas furnish an unknown internal secretion, 
which is somehow important for the welfare of the organism ” Some- 
what similar conclusions have been reached by Fisher , 18 who attempted 

17 Ohler, W R , and Broun, G O Boston City Hospital, personal 
communication 

18 Fisher, N F Attempts to Maintain Life of Totally Pancreatectomized 
Dogs Indefinitely by Insulin, Am J Physiol 67 634 (Feb ) 1924 
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to keep alive pancreatectomized dogs by the use of insulin Only those 
dogs in which there was some apparent regeneration of the duodenal 
stump of the pancreatic duct were observed to remain alive foi long 
penods of time He concludes that insulin probably does not represent 
the entire pancreas hormone complex, since in the total absence of 
the pancreas insulin cannot maintain life or does not control all the 
diabetic symptoms (subnormal weight, polyphagia, polyuria) 

In view of the foregoing experimental and clinical data it is evident 
that diabetes mellitus, in addition to the known diminution of the internal 
secretion of the island cells of the pancreas, may well exhibit abnormal- 
ities in liver function and in the external secretory activity of the 
pancreas It is with the hope of providing acceptable evidence of such 
a derangement of the normal physiologic processes that the following 
observations are presented The studies consist in estimations of the 
pancreatic enzyme activity and the bile pigment concentration of the 
duodenal contents in sixty-eight cases of diabetes mellitus 

CLINICAL MATERIAL 

The cases undei consideration consist of an unselected gioup of 
sixty-eight cases of diabetes mellitus, taken .from the wards of the 
Massachusetts General Hospital and the New England Deaconess 
Hospital The youngest patient was aged 11 years, the oldest aged 72 
The aveiage age was 44 years Of the sixty-eight patients, about 80 
per cent were over 20, and nearly half of the patients were aged 50 oi 
over The age distribution m these cases is fairly representative of the 
disease, although there is probably a slight preponderance of cases m 
adult life The distribution by sexes was essentially that accepted in 
most of the statistical data, i e , females 55 per cent , males 45 per cent 
The average known duration of the disease was about two and three- 
quarters years In a few patients the disease had apparently existed 
for only one or two months, and m several cases symptoms had been 
present for well over ten years 

Although the majority of the patients entered the hospital for 
dietary regulation, twenty-eight of them were m a state of mild or 
severe acidosis on admission Twelve patients were examined while 
definitely acidotic One patient entered the hospital m a deep coma 
from which he recovered, following the administration of insulin 
Thirteen exhibited, on admission, infection or gangrene Theie were 
three cases of hemochromatosis, and one of cancer of the body and tail 
of the panel eas One patient had a known history of acute pancreatitis 
requiring surgical intervention, a second one was known to have chronic 
pancreatitis following a long period of gallbladder attacks, and two 
others were probable cases of chronic pancreatitis Thirty-one patients 
showed maiked arteriosclerosis, a finding entirely consistent with the 
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age distribution of the cases Regarding the incidence of gallbladder 
disease more will be said m the discussion of the laboratory findings 
The foregoing group of patients constitutes a fair average group of 
hospital diabetic patients, with the possible exception of the three cases 
of hemochromatosis In spite of the number of patients showing more 
or less evidence of acidosis, the average severity of the group is but 
little higher than that of any similar number of patients with the disease 
In addition to the before mentioned patients, a group of ten normal 
persons w as studied for normal control figures 

METHOD 

The methods emplo)ed in the examination of these patients have 
been described m articles already published, and are, briefl) , as follow s 
The patients were mv ariably examined m a state of fasting A duodenal 
tube was passed into the duodenum and the position of the tip verified 
by fluoroscopic examination As soon as the tip of the tube was in 
the middle of the second portion of the duodenum, 50 c c of a warm 
33 pei cent solution of magnesium sulphate was instilled into the 
duodenum Shortly thereafter a free flow of bile was obtained, due to 
the relaxation of the sphincter of Oddi, and collection of the contents 
was made for the next half hour At the end of this period the patient 
was given a test meal of 40 cc of 40 per cent cream by mouth As 
soon as the cream was observed in the duodenal contents, a separate 
collection was made for a period lasting one hour 

The first portion of the duodenal contents was examined as soon 
as collected foi bile pigments and sediment The second portion, 
collected after the cream meal, w r as examined for pancreatic enzyme 
activit) 

The method of examining the duodenal contents for bile pigments 
has been described in a recent article 19 and is here quoted 

To 10 c c of duodenal contents add an equal amount of a saturated alcoholic 
solution of zinc acetate This is shaken and filtered, and to 10 c c of the 
filtrate is added 1 cc of Erlich’s reagent This solution is allowed to stand 
in the dark for fifteen minutes and is then examined spectroscopically for the 
presence of bilirubin, urobilin, and urobilinogen The number of dilutions 
w ith 95 per cent alcohol necessary to remor e the characteristic absorption 
band of a given pigment is taken as the relative amount of that pigment in a 
given specimen The absorption bands of urobilin and urobilinogen are 
absolutely characteristic Although it has been said that bilirubin gives no 
characteristic shadow in the spectrum, I have found that pure solutions of 
this pigment give a distinctlj characteristic shadow in the blue-violet end of 
the spectrum As the concentration of this pigment increases, the shadow 
imohes the blue-gr-en, and even the yellow-green In such instances the 
shadow' includes the band made by the urobilin present and renders it impos- 
sible to estimate the latter pigment In this event the original sample, after 
being treated w ith zinc acetate and Erlich’s reagent, is split m two portions 
One specimen is examined for the presence of bilirubin and urobilinogen, and 
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the dilutions estimated The second fraction is treated with an equal amount 
of a 10 per cent solution of calcium chlond The addition of the calcium 
precipitates sufficient bilirubin to permit the estimation of the urobilin present 
In normal persons the normal concentrations have been found to be bilirubin, 
from 60 to 150 dilutions, urobilin, 4 to 16 dilutions, urobilinogen, fiom 0 to 4 
dilutions 

At the time when this investigation wms commenced attempts to 
estimate the mobilin content w'ere unsatisfactoiy, and as a result some 
of the cases included m the tables have no figuie for mobilin 

Estimation of the sediment w r as also perfoimed by the method 
outlined in the abo\e aiticle It consists m high speed centi legaliza- 
tion of specimens of the duodenal contents for fifteen minutes, and 
subsequent miscioscopic examination of the sediment thus obtained 
The obsenations made by Jones 10 indicate clearly that the finding of 
abnormal amounts of cholesteiin, bilirubin or calcium bilirubin crystals 
in the duodenal sediment constitutes stiong evidence foi a diagnosis of 
cholelithiasis These obseivations w ? eie made on a large number of 
cases, and the conclusions seem to have been entirely justified by 
further clinical experiences The findings of laige amounts of bile- 
stamed cells, epithelium oi leukocytes has been found to be highly 
suggestne of biliary tiact inflammation, but is not diagnostic of any 
gnen disease entity Other nucioscopic findings ate probably of no 
significance, and the examination of the sediments in this group of cases 
was entirely confined to a search foi the above-named elements 

The method used foi the determination of enzymatic activity' was 
originally' descnbed by McClure, Wetmoie and Reynolds , 20 and w'as 
subsequently employed by McClure and Jones 21 m a clinical study 
of cases of panel eatic disease By means of this method, the lattei 
weie able to demonstrate a marked diminution of proteolytic, lipolytic, 
or amylolytic activity below' previously detei mined minimum normal 
limits m patients with known panel eatic pathology The technic 
briefly descnbed is as follow's 

Proteoljtic activity is estimated by allowing a dilution of the duodenal 
contents to act on a solution of soluble casein The casein not affected b> 
proteolytic action is precipitated by means of metaphosphoric acid solution 
The index of proteolytic activity is taken as the number of milligrams of 
nitrogen not precipitated by the metaphosphoric acid This nitrogen value is 
determined by an adaptation of the method of Folin and Wu for the determi- 
nation of nonprotem nitrogen in the blood Amylolytic activity is estimated 


19 Jones, C M The Rational Use of Duodenal Drainage An Attempt 
to Establish a Conscivativc Estimate of the Value of This Procedure m the 
Diagnosis of Biliarv Tract Pathology, Arch Int Med 34 60 (July) 1924 

20 McClure, C W , Wetmorc, A S , and Reynolds, Lawrence New' 
Methods for Estimating Enzymatic Activities of Duodenal Contents of Normal 
Man, Arch Int Med 27 706 (June) 1921 

21 McClure, C W , and Jones, C M Studies in Pancreatic Function, 
Boston M & S J 187 909 (Dec 21) 1922 
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as the number of milligrams of glucose developed by action of duodenal 
contents on a solution of soluble starch The index of amylolytic activity is 
taken as the total number of milligrams of glucose developed, as determined by 
the method of Folm and Wu for the determination of sugar m the blood 
Lipolytic activity is estimated by allowing duodenal contents to act on a true 
emulsion of cottonseed oil, and determining the amount of acidity developed 
by titrating with tenth normal alcoholic solution of sodium hydroxid The 
number of cubic centimeters of tenth normal sodium hydroxid necessary to 
neutralize the acidity developed is used as the index of lipolytic activity The 
samples of duodenal contents and the reagents used must be controlled for the 
presence of nitrogen not precipitated by metaphosphoric acid, for copper 
reducing bodies and for acidity 

The figures established by McClure and his associates as the 
minimal values for enzymatic activity were as follows proteolytic, 2 0 
mg nonprotem nitrogen , lipolytic, 1 c c of tenth normal sodium 
hydroxid , amylolytic, 1 mg glucose As may be seen m Table 1, the 
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average results obtained in studying our group of normal controls 
were all well above McClure’s minimal values On rare occasions, 
however, we have obtained m normal persons, isolated figures slightly 
below these values In order to obtain results that will leave little 
room for criticism we have arbitrarily chosen for minimal values figures 
which are but 75 per cent of McClure’s lowest normal figures Thus, 
we have assumed that values below the following may be safely 
construed as showing evidence of diminished pancreatic enzymatic 
activity proteolytic, 15 mg nonprotem nitrogen, lipolytic, 0 75 cc 
tenth normal sodium hydroxid , amylolytic, 0 75 mg glucose 

INVESTIGATIVE FINDINGS 

Examination of Table 1 reveals several facts of interest The 
arerage findings m the determination both for activity and bile pigment 
elimination m the group of normal controls were all well within 
normal limits 
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The enz) me estimations were far above even the minimal values 
given by McCluie, and the bile pigment estimations were below the 
uppei limits of normal An average of the various findings on the 
group of sixty-eight diabetic patients shows that the estimation for 
pioteolytic and lipolytic activity was distinctly below the average 
figures for the noimal conti ols, but were above our minimal normal 
limits Figuies for amylolytic activity were above the normal con- 
trol averages, and very much higher than our minimal values The 
aveiage values for the individual bile pigments, however, weie all far 
m excess of control figuies, and the normal standard limits 

In spite of the fact that the average figures for enzymatic activity 
in diabetic patients do not show a diminution below our arbitral lly 
adopted minimal standards, it is to be noted that the protein and fat 
splitting enzyme aveiage values weie just at the lowei levels established 
by McClure Turning fiom average figures to individual lesults, how- 
ever, we find that 33 pei cent of the cases showed proteolytic activity 
below our figure of 1 5 mg nonprotem nitrogen, and 3 7 pei cent weie 
below our minimum figure of 0 75 c c tenth normal sodium hydroxid 
for hpohtic actmt} In the case of the staich-sphttmg enzyme, only 
9 per cent of the cases developed values below 0 75 mg glucose 

From the bile pigment estimations it was found that 40 per cent 
of the cases showed abnoimally high values of urobilinogen, 56 per 
cent for urobilin, and 67 per cent gave high values foi bilirubin 

Of the entire sixty-eight cases, thirty-tlu ee, oi 49 pei cent showed 
a diminution in the activity of one or moie enzymes, and fifty-one 
cases, or 76 per cent, showed an abnormal output of one or moie 
of the bile pigments Twenty-three cases, or one-third of the total 
number studied, showed abnoimahties both in the enzymatic activity 
and bile pigment elimination 

Examination of the last line of data in Table 1 reveals the average 
level of enzyme and bile pigment estimations in those cases showing 
any abnormality The general average of this gioup of cases is not 
only different from that of the normal controls, but is strikingly 
abnormal in relation to our minimal enzyme and maximum pigment 
limits 

Studies of the duodenal sediments showed eleven cases, or 19 pei 
cent, m which theie was a laige amount of cholesterm or bile pigment 
crystals Four more cases showed large amounts of bile-stained cells, 
both epithelial and leukocytic 

In order to attempt an analysis of the significance of the foregoing 
findings a tabulation has been made of the usual variables in diabetic 
patients, and the percentage of abnormal findings under these varying 
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conditions has been outlined Table 2 indicates the effect of the most 
common variables in diabetes mellitus, namely, sex, age, duration of 
the disease, the fasting blood-sugar level at the time of examination, 
the diet in calories per kilogram of body weight, and the administra- 
tion of msulm, both as regards dosage and duration of treatment 


Table 2 — Effect of Change in Usual Diabetic Fat tables 


Diabetic Variables 

Number 

Cases 

Percentage of 
Cases with 
Abnormal Enzyme 
Activity 

Percentage of 
Cases with 
Abnormal Bile 
Pigments 

Average findings on 68 diabetic patients 

68 

49 

76 

Sex 

Male 

41 

47 

80 

Female 

31 

57 

73 

Age 

Under SO years 

13 

69 

69 

30 to 50 years 

21 

43 

72 

Over 50 j ears 

34 

55 

85 

Duration of Diabetes 

Under 1 year 

20 

53 

84 

1 to S years 

22 

41 

68 

Over 3 years 

26 

65 

73 

Fasting Blood Sugar 

Under 0 15 per cent 

27 

42 

80 

0 15 to 0 20 per cent 

16 

56 

56 

Ov er 0 20 per cent 

22 

59 

86 

Diet, Calories per Kg of Body Weight 

Under 10 calories 

8 

50 

IOO 

10 to 20 calories 

26 

56 

80 

20 to 30 calories 

18 

33 

72 

Over 30 calories 

15 

66 

66 

Insulin Therapy 

No insulin 

38 

49 

73 

Under 10 units pei day 

10 

30 

80 

10 to 20 units per daj 

11 

55 

90 

Over 20 units per daj 

9 

89 

66 

Insulin Therapy 

No insulin 

38 

49 

73 

4 days or under 

13 

30 

70 

Over 4 days 

17 

53 

76 


Table 3 — Effect of Complications on Diabetes 


Complications 

Number 

Cases 

Pancreatic 
Enzyme 
Activity, 
per Cent 
Abnormal 

Duodenal 

Bile 

Pigments, 
per Cent 
Abnormal 

Average determinations on 68 cases 

68 

49 

76 

■\cidosis within 2 neeks 

15 

41 

94 

Acidosis at examination 

12 

50 

75 

Sepsis, gangrene 

10 

50 

90 

Marked arteriosclerosis 

31 

50 

77 

Cholelithiasis (probable) 

15 

53 

60 

Pancreatitis (probable) 

4 

100 

100 

Hemochromatosis 

3 

100 

0 


In Table 3 we have attempted to outline the effect of complicating 
factors on the pancreatic and hepatic activity Acidosis, sepsis, 
gangrene, arteriosclerosis, gallbladder disease, pancreatitis, and hemo- 
chromatosis are tabulated m order named, with the apparent relation 
of each factor to the percentage of abnormal findings 
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Table 4 gives in detail the average findings in five cases which 
were examined moie than once In each case the initial examination 
was made while the patient was in a state of severe acidosis A second 
observation was made at a subsequent date when the patient had 
apparently recoveied from the acidosis From the values m this table, 
it is obvious that in these patients recovery from acidosis was associated 
with a marked change in pancreatic and hepatic function 

In Table 5 all of the important data on each individual diabetic 
patient are given in full detail The findings include sex, age, dura- 
tion of the disease, unnary and blood sugar at the time of examination, 
the presence oi absence of urinary diacetic acid, weight m kilograms, 
dietary intake m calones per kilogiam of body weight, insulin dosage, 
the enzymatic and bile pigment estimations, sediment findings, and any 
other data of importance Examination of this table shows that, in 


Table 4 — Changes Occulting Aftct Rccovety ftom Severe Acidosis 
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spite of the aveiage level of enzymatic activity being above the 
minimum normal figures, a large number of cases showed striking 
reductions in enz) me action In six cases (Cases 9, 17, 23, 34, 39, 41) 
one or more of the enzymes showed almost negligible findings, and in 
one case (Case 56) it was impossible to produce any evidence of 
enzymatic activity In the last named case, identical findings were 
obtained at a subsequent examination one year later It is obvious 
from Table 1 that those cases showing abnormal findings gave average 
values of from 30 to 45 per cent below our minimal normal figures, 
and over 50 pei cent below McClure’s minimum values Similarly, 
m the bile pigment estimations, those cases showing abnormalities gave 
average findings of 150 per cent or more above the upper limits of 
normal In the face of such findings, therefore, there can be little 
doubt that real abnormalities exist both in pancreatic enzyme activity 
and m bile pigment metabolism in a large percentage of cases of diabetes 
mellitus These abnormalities consist in a diminution of the external 
secretory activity of the panel eas, and in an increase m the bile pigment 
metabolism 





Table 5 — Summon y of Data on Cases at Time of Intubation 
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COMMENT 

In view of the before mentioned findings it is of interest to discuss 
the piobable significance of these alteiations m pancreatic and hepatic 
function, and to comment briefly on the various factors concerned m 
their production The first fact of importance is the diminution in 
the enzymatic activity of the duodenal contents As already noted, 
nearly one-half of the cases showed a diminution in the activity of 
one or more of the pancreatic enzymes The striking fact in these 
findings is that amylolytic activity was apparently diminished in only 
9 per cent of the cases, whereas proteolytic activity and lipolytic activity 
showed definite reductions below the minimum normal level m over a 
third of the cases Just why there should be a dissociation of these 
ferment actions is extremely interesting, and at present we can offer 
no reasonable explanation of this fact The changes described, however, 
can apparently have but one significance, namely, that the duct or 
acinous cells of the pancreas are severely damaged in a laige pioportion 
of cases of diabetes melhtus Such a disturbance may be purely 
functional, or, as is more likely, may be anatomic 

To what extent the reduction in pancreatic enzyme activity noted 
in our cases may influence the symptomatology and course of the 
disease it is difficult to surmise It is certain that in most cases the 
effect of this diminution of digestive activity can be at least partially 
compensated for by the presence of other ferments m the digestive 
tract It is also certain that even striking abnormalities m the external 
secretion of the panel eas may be present without marked symptom- 
atology, and not infrequently cases of cancer of the pancreas, in which 
the major part of the gland is entirely replaced by neoplastic tissue, 
are encountered without other symptoms than an unexplained weakness 
and some loss of weight The obseivations of Allen and Fisher, 
referred to in the foregoing, would seem to indicate, however, that 
in panel eatectomized animals an additional factor to the loss of the 
internal secretion of the organ may contribute definitely to the symp- 
toms of the disease In Fisher’s experiments the loss of weight, 
polyphagia and polyuria were inadequately relieved by insulin therapy 
alone and the animals did not survive It may well be, therefore, 
that a marked diminution in proteolytic and lipolytic activity m cases 
of diabetes melhtus may contribute definitely to the symptomatology 
of the disease Such symptoms, are, however, of relatively minor 
importance in the majority of cases, and are at present impossible to 
define It is also improbable that m most cases the degree of disturbance 
of the external secretory activity of the pancreas, exhibited m our 
findings, exerts a very definite influence on the prognosis of the disease 
except where the actual degree of pancreatic damage is extreme In 
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cases of chionic panel eatitis following acute pancreatitis, the usual 
resulting diabetes is geneially seveie and of short duration Hema- 
chromatosis, a disease in which the damage to the pancreatic tissue is 
widespread, is also usually marked by severe diabetes With the 
exception of such cases, however, it would seem that disturbances of 
the external secretion of the pancreas exert little evident effect on the 
duration or seventy of the disease A practical point, howevei, may 
be noted here legardmg the results of long continued diminution m 
the digestive activity of the panel eatic secretion If such diminution 
is of sufficient degiee there very well may be an associated disturbance 
m the actual absorption of food pioducts Diminished pioteolytic and 
lipolytic activit) might well be reflected in a diminished absorption of 
protein and fat, with a lesultmg increase in the protein and fat content 
of the stools Such a theoretical consideration may possibly help to 
explain the apparent inability of certain diabetic patients to progress 
satisfactorily on a given diet, owing to the fact that a certain propoition 
of the food intake is lost in the stools A further consideration is 
suggested b) the fact that the largest percentage of abnormalities was 
noted in the determinations of lipolytic activity Inability to split fat 
properly may explain the intestinal symptoms that are not too infre- 
quently met with in patients with severe diabetes Intel mittent diarrhea 
is not uncommon in seveie cases and during these attacks free fat 
and fatty acids appear in the stools in abnormal amounts Although 
such intestinal disturbances are usually attributed to asthenia, plus an 
irritating diet of fruit or coarse legetables, it is an intei estmg assump- 
tion to consider such phenomena as primarily due to an inability to split 
and absorb fat completely Case 20 is a case in point This patient 
was a woman, aged 59, with lather severe diabetes of one yeai’s duia- 
tion Diarrhea was an outstanding symptom, and it is to be noted that 
the activity of the pancreatic lipase was reduced to almost a negligible 
quantity 

It is evident from a close examination of Table 5 that the seventy 
of the diabetes does not necessarily run parallel to the degree of 
disturbance of the external pancreatic secretion A sti iking example 
of this is seen in Case 41 fiom the New England Deaconess Hospital 
This patient, a woman, aged 46, was first diagnosed as a diabetic patient 
about eleven yeais befoie the present examination During those years 
she had been seen repeatedly by competent physicians, and had repeatedly 
shown hyperglycemia and glycosuria At the time of our examination 
she was very much emaciated and weighed only 35 kg (78 pounds) 
She was consuming a diet that afforded her 52 calories per kilogram of 
body weight, was sugar free, and had a normal blood sugar, without 
the use of insulin In spite of this remarkable food intake she showed 
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no demonstrable proteolytic activity, and only a small amount of lipo- 
lytic activity Amylolytic activity was within normal limits With 
some few exceptions, of which the foregoing is an interesting example, 
those that were clinically mild diabetic patients tended to show little or 
no reduction in the enzymatic activity of the pancreas The question 
naturally arises in a discussion of the cause of the reduction in enzyme 
activity, whether such a reduction may not be due pumaiily to emacia- 
tion alone It is well known that marked undernutrition, with the 
resulting loss of weight, is accompanied by changes in the size and 
function of the pancreas Loss of more than 30 per cent of the body 
weight is said to be associated with demonstrable loss m pancreatic 
function In such patients as Case 46, before mentioned, it is entirely 
possible that undemutntion played a part in the reduction of pancreatic 
enzyme activity The majority of the patients included in this series, 
however, were not extremely emaciated, and the lowest figures for 
enzyme activity were not necessarily found in patients who were strik- 
ingly under weight We have frequently found high values for enzyme 
activity in patients who were very emaciated, both in this series, and 
in examinations made on patients suffering from other diseases It can 
be said, therefore, that undernutrition is an important factor in the 
reduction of pancreatic function, but it is certainly not the only one 
Olmsted 22 has recently obtained observations, by using methods identical 
with ours, that point out clearly the importance of undernutrition in 
reducing pancreatic activity 

The significance of alterations in the bile pigments of the duodenal 
contents has been fully discussed m earlier communications 23 Briefly 
it may be said that increased amounts of bilirubin, urobilin or uro- 
bilinogen in the bile excreted into the duodenum are abnormal, and 
indicate one of two things, increased blood destruction or abnormal 
liver function In cases of diabetes the first factor obviously may be 
disregarded Any marked increase in the elimination of one or several 
of the before mentioned pigments may probably be taken, therefore, 
as evidence of disturbed liver function It has already been indicated 
that we do not know the exact nature of the disturbance of liver 
function that may exist in this disease It may logically be assumed, 
however, that any alterations noted in bile pigment elimination in 
diabetes melhtus may properly be interpreted as an indication of an 
alteration m total metabolic activity of the hepatic parenchyma This 

22 Olmsted, W H Department of Internal Medicine, Washington Univer- 
sity, St Louis , personal communication 

23 Jones, C M Blood Pigment Metabolism and Its Relation to Liver 
Function, Arch Int Med 29 643 (May) 1922, Jones, C M, and Minot, G R 
Infectious (Catarrhal) Jaundice An Attempt to Establish a Clinical Entity, 
Boston M & S J 189 531 (Oct 18) 1923 
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metabolic change is most likely a change associated with glycogen 
production, storage and mobilization, and any change m pigment 
metabolism is simply a reflection of alterations in the general liver 
processes Examination of Table 1 shows that 67 per cent of the 
patients showed increased elimination of bilnubm, 56 per cent showed 
abnormal amounts of urobilin, and 40 pei cent were putting out 
excessive amounts of urobilinogen The order of frequency in which 
the abnormalities were noted in the three pigments is entirely in keep- 
ing with previous results We have found, m studying other types of 
cases, that those with alteration m hepatic function most frequently 
present abnormalities m bilirubin elimination, next in that of urobilin, 
and lastly in urobilinogen Seventy-six per cent of the cases m this 
series showed abnormally high values for one or more of the pigments 
Such a high percentage of abnormal values for bile pigment elimination 
would seem to be clear evidence of an abnormal liver function or 
activity in diabetes mellitus Whatever the exact natuie of this distur- 
bance of hepatic function may be, it appears likely that there is an 
abnormal, undesirable and probably inefficient type of woik done by 
the liver in this disease 

That there is an intimate i elation between the abnormalities m 
pancreatic and liver function already noted would seem indicated by 
the fact that in one-tlmd of the cases there were marked changes m 
both enzjme and bile pigment estimations 

An attempt has been made m Tables 2, 3 and 4 to anal) ze some of 
the alterations noted m enzyme or pigment estimations Obviously it 
is impossible to determine precisely the effect of any given variable, 
but the general trend of the influence of various factors may perhaps 
be indicated In Table 2 the usual diabetic vaiiables have been con- 
sidered Variations m sex, age, duration of the disease, and the 
fasting blood sugar on the day of examination seemed to exhibit no 
characteristic changes from the geneial percentages, either in pancreatic 
enzjme activity or bile pigment elimination In considenng the effect 
of diet, however, it is evident that those cases having a veiy low caloric 
intake per kilogram of body weight showed the most frequent occurrence 
of abnormal bile pigment elimination Conversely, those patients on 
the highest caloric intake showed the fewest abnormalities It is also 
of interest to note that all of those patients who were on an intake of 
less than 10 calories per kilogram of body weight showed abnounal 
pigment values, and these pigment abnormalities were among the most 
marked of any in the series It seems logical to assume, therefore, that 
starvation or existence on a very low caloiy diet is associated with a 
marked increase in liver activity This increase may be due to the 
mobilization of available fat and glycogen. Such a ptocess uivaiiably 
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takes place during inanition, and is associated with an actual loss of 
liver substance 

From an analysis of our figures it is difficult to determine the 
influence of insulin therapy on livei and enzyme activity It would 
appear, however, that, when a sufficient quantity of insulin is given over 
a long enough period of time, there may be a reduction in the number 
of cases showing abnormalities in enzyme activity, bile and pigment 
metabolism This may be due to an actual increase in food intake, or 
to a general improvement in tissue function following the use of insulin 

Table 3 represents an attempt to analyze the effect of certain 
complicating factors on hepatic and enzyme activity Recent or existing 
acidosis, sepsis, gangrene, and the presence of marked arteriosclerosis 
seemed to have little or no special effect on the general percentage of 
abnormalities in the external panel eatic secretion The presence of 
cholelithiasis, also, apparently exerted no characteristic influence on 
abnormal findings of enzyme activity, but all of the cases of probable 
pancreatitis showed marked reduction in digestive action of the duodenal 
contents The cases of hemochromatosis all showed a similar change 
Such findings are not surprising, on the contraiy, it was to be expected 
that diseases directly associated with pathologic changes in the pancreas 
or biliary tract should exhibit such abnormalities 

An explanation of the bile pigment findings shown in Table 3 is 
somewhat difficult Apparently, during an existing acidosis there is 
less change in liver activity than in the period immediately following 
Sepsis has usually been associated with increased bile pigment elimina- 
tion, and it was to be expected that cases with infection or general 
gangiene should show some increase in pigment estimations The 
percentage of cases of cholelithiasis showing pigment abnormalities 
was the same as that of the entire group The two rather striking 
exceptions to the average are the cases of pancreatitis and those of 
hemochromatosis The results m the first group are not particularly 
surprising on account of the intimate relation between the pancreas and 
biliary tract The absence of abnormal bile pigment values m the three 
cases of hemochromatosis was a distinct surprise, and, with our present 
lack of knowledge, suggests no ready explanation An interesting con- 
jecture is indicated, however, by the known pathology of this rare 
disease Heavy pigment deposits always occur in the liver in hemo- 
chromatosis, and such deposits are largely composed of hemosiderin 
Hemofuscm is also deposited m large amounts in the connective tissues 
It is entirely possible that the lack of an increase m bile pigment 
elimination m this disease is due to the fact that any excess pigment, 
metabolized m the liver or elsewhere m the body, is retained m these 
pigment deposits 
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A detailed theoretical discussion has been made of the various data 
outlined m Tables 2 and 3 We realize that the numbei of variable 
factois m any given case of diabetes render hypotheses based on 
findings m such small groups of cases extremely difficult of proof 
Our intention has been only to indicate certain tendencies which appear 
to exist in i elation to different factois m the disease. We lealize that 
any accurate interpretation of the figures m these two tables is, of neces- 
sity, impossible 

Table 4 is of interest with regard to the probable effect of acidosis 
on the general body functions Examination of the table indicates 
clearly that m these five cases there was a \ery striking improvement, 
both m enzymatic activity'’ and liver function, following recoiery from 
acidosis With the single exception of the amylolytic activity', all the 
deteimmations showed a marked change in the direction of normalcy 
Failure of this single enzyune to vary' with the other two has been 
apparent throughout the study, and we are unable to assign any explana- 
tion to the behavior of this particular function of the pancreas It will 
be noted that urobilinogen, which was the last to show abnormal 
changes m the presence of liver disturbance (Table 1), was the first 
pigment to return to normal, during the period of recovery from 
acidosis Such a finding would seem to indicate that the presence of 
increased amounts of urobilinogen in the bile offers the suiest ewdence 
of liver disturbance that may be obtained by a study of the bile pigments, 
although increases m urobilin and bilirubin are undoubtedly of similar 
significance 

From the changes outlined in Table 4, one is forced to conclude 
that m severe acidosis there is a serious functional change in the hver 
and pancreas, as well as in othei tissues of the body In the case of 
the external secretion of the pancreas and the bile, the shift from very 
abnormal figures to normal during the reco\ ery from acidosis is almost 
as striking as the well known changes that occur m the blood That 
even mild acidosis is a serious condition for tissue function is almost 
universally accepted, but the truth of the statement is rendered all the 
more evident from findings similar to the above 


CONCLUSION 

In closing, it is important that we consider bnefly the i elation of 
gallbladder disease to diabetes In a pievious papei, 10 satisfactoiy 
evidence has been presented of the value of duodenal analysis in the 
diagnosis of gallstones Abnormal amounts of cholesterm oi bile 
pigment crystals m the duodenal sediment were shown to be piesent 
m the vast majority of cases of cholelithiasis, and only rarely m other 
diseases As an aid m the diagnosis of gallstones, we have found such 
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evidence extremely satisfactory Examination of Table 5 shows that 
eleven patients, or 19 per cent of the series, showed the characteristic 
findings of cholelithiasis, as judged by the foregoing criteria In addition, 
two other patients (Cases 30 and 53) gave a history of previous opera- 
tion for cholelithiasis, with the finding of stones at exploration A third 
patient (Case 55) gave an absolutely characteristic story of recurring 
gallstone attacks, with known jaundice on two occasions, and a fourth 
patient (Case 22) had been previously diagnosed as cholelithiasis in this 
hospital, but operation was deferred There is thus a total of fifteen 
cases, or 22 per cent of the series, in which gallbladder disease may 
fairly be assumed to have existed Such a percentage is much higher 
than that usually given as the incidence of cholelithiasis m diabetes It 
is true that a group of sixty-eight diabetic patients is too small for 
statistical purposes We are inclined to believe, however, that the 
generally accepted figure of from 6 to 7 per cent , as the incidence of 
gallstones in diabetes, is far too low A more logical interpretation 
of the foregoing figures is possible if we also take into account the age 
of those patients giving evidence of cholelithiasis The average age of 
these patients was 51 years, only one patient being under 45 A justi- 
fiable conclusion from such data would seem to be that, in the group 
of adult diabetic patients, the occurience of gallstones is frequent An 
attempt to determine the exact incidence in diabetic patients over 40 
years of age from the series of cases here presented would be injudicious 
It may not be unreasonable to suggest, however, that in patients with 
diabetes mellitus over the age of 30, cholelithiasis may well be an asso- 
ciated feature in at least a fifth of the cases From our knowledge of 
the pathology of cholelithiasis it is interesting to considei if this relation 
to diabetes is an etiologic one Joslm’s figures, which take into account 
the probable onset of symptoms of cholelithiasis and the subsequent 
onset of diabetic symptoms, would seem to indicate that gallbladder 
disease is the cause of the pancreatic disturbance Findings like those 
recently reported by Eustis, 24 as well as the evidence presented at the 
beginning of this paper, are also strongly in favor of such a view In 
Eustis’ thirty-six cases of so-called alimentary glycosuria, fifteen showed 
cholelithiasis Six of these cases later presented symptoms of definite 
diabetes If the etiologic role of gallbladder disease is accepted, we are 
inclined to agree with Joslin that not only in diabetic, but also in non- 
diabetic patients, the existence of cholelithiasis is an indication for 
surgical interference In the case of nondiabetic patients, surgical 
intervention may reasonably be advised as a preventive measure against 
the subsequent development of diabetes 

24 Eustis, A Relation of Gallbladder Disease to Diabetes, New Orleans 
M & S J 75 449 (Feb ) 1923 
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SUMMARY 

1 An unselected gioup of sixty-eight diabetic patients has been 
examined for evidence of alteiation in pancreatic or hepatic activity 
Pancreatic enzyme activity was diminished in neaily one-half of the 
cases Bile pigment elimination in the duodenal contents was abnor- 
mally high m about thiee-fourths of the cases. In nearly one-third 
of the cases there were associated enzyme and pigment abnormalities. 
The greatest alterations m enzyme activity were noted m the lipoly tic 
and proteolytic ferments 

2 These findings are taken to indicate that in diabetes melhtus 
there is a marked alteration m the external secietory activity of the 
pancreas and in the hepatic function The enzyme abnormalities are 
probably due to associated anatomic and functional changes m the acinar 
tissue of the pancreas Undei nutrition may play a part in the pro- 
duction of such changes, but it is not the sole cause Such alterations 
m pancreatic oi liver function may well contribute to the symp- 
tomatology of diabetes It is suggested that the diminution of enz} me 
activit} r may result m disturbances due to improper digestion of fat 
and protein. 

3 Undernutrition, of the several variable factois entering into an 
uncomplicated case of diabetes, evidently places the greatest stiain on 
the liver, and results in sinking bile pigment abnormalities Under- 
nutntion should therefore be avoided, on account of its undesirable 
effects on liver and panel ealic function 

4 Efficient insulin therapy, with its associated increase in food 
intake and improvement of tissue function, seems to be associated with 
a reduction m pancreatic and hepatic abnoimahties 

5 Cases of diabetes complicated by pancreatic disease were found 
to be associated with an increased frequency of pancreatic enzyme 
disturbance Sepsis, gangrene, and pancreatitis seemed to be predomi- 
nating factors in producing an alteration in bile pigment metabolism. 
All three cases of hemochromatosis showed a reduction m enzyme 
activity, but no abnormality m pigment elimination. 

6 Acidosis produces a marked disturbance of pancreatic enzyme 
activity and liver function The improvement m pancreatic and hepatic 
function, as measured by changes in the enzyme activity and bile pigment 
elimination, following recovery from acidosis, is very striking, and 
illustrates the degree to which acidosis affects all bodily functions 

7 Cholelithiasis, as diagnosed by examination of the duodenal 
sediment, occurred m 19 per cent of the cases m this series. The 
sediment findings by which such a diagnosis can be made are charac- 
teristic, and have been previously described In addition, several other 
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patients had histories or operative findings consistent with the diagnosis 
of gallstones The average age of this group of cases, constituting 
22 per cent of the entire series, was about 51 We believe that the 
existing figures for the incidence of gallstones in diabetes is far too 
low It would not be surprising to find that at least one-fifth of all 
diabetic patients over 40 have an associated cholelithiasis 

8 In adults, cholelithiasis is probably one of the most important 
etiologic factors in diabetes melhtus For this reason, it would seem that 
surgical intervention in all cases of gallbladder disease, in the absence of 
other complication, is indicated as a means of preventing the occuuence 
of diabetes, or of relieving an existing diabetes 



THE RESPIRATORY ORGANS IN HEALTH 
AND IN DISEASE 

XVI A COMPARISON OF VITAL CAPACITY STANDARDS IN THREE 
THOUSAND FIVE HUNDRED AND THIRTY-TOUR M \LC 
UNIVERSITY STUDENTS 

W P SHEPARD, MD, and J A MYERS, MD 

MINNEAPOLIS 

In spite of the large amount of recent woik done on the many 
aspects of the subject of the vital lung capacity, disagreement still 
exists as to the best choice of standaids foi piedictmg the normal 
capacity of a given individual The recent mteiest of thoiacic sutgeons 
m the use of vital capacity measuiements as an aid to determine suigical 
risk adds another group to the large numbei of clinicians already seeking 
suitable normal standaids for use in this work Hutchinson's 1 pioneer 
work led to the belief that the standing height was the best measuiement 
on which to base calculations of lung capacity Peabody and Went- 
w orth 2 prefei led height measurements in their estimations Lundsgaaid 
and Van Slyke J advocated the use of ceitain chest dimensions. West 4 
found surface area most reliable Dieyer 0 prepared formulas for esti- 
mating v ital capacity from height, weight, stem height and chest cn cum- 
feience, and these have been widely used Dublin 0 questions the 
accuracy of all Dreyer's formulas, but finds the one based on weight 
most nearly coriect It has been established that the lung capacity 

*■ From the students' health service and the department of preventive 
medicine, University of Minnesota 

* Read before the medical staffs of the Lymanhurst School and Hospital 
for Tuberculosis Children and the Parkview Sanatorium, June 24, 1924 

* This study was carried out with the aid of a grant from the research 
fund of the University of Minnesota 

1 Hutchinson, J On the Capacity of the lungs and on the Respiratoiy 
Functions with a View to Establishing a Precise and Easy Method of Detecting 
Disease by the Spirometer, Tr Med Chn 29 137, 1846 

2 Peabody, F W , and Wentworth, J A Clinical Studies on Respiration, 

IV, The Vital Capacity of the Lungs and Its Relation to Dyspnea, Arch Int 
Med 20.443 (Sept) 1917 * ' 

3 Lundsgaard, C, and Van Slyke, D D Studies of Lung Volume, I, 
Relation Between Thorax Si/e and Lung Volume in Normal Adults, J Exncr 
Med 27-65 (Jan) 1918 

4 West, IT F Clinical Studies on Respiration, VI, A Comparison of 
the Various Standards for the Normal Capacity of the Lungs, Arch Int Med 
25 306 (March) 1920 

5 Drcyer, G, and Hanson, G F The Assessment of Physical Fitness, 
New York, Paul B Hoeber, 1921 

6 Dublin, L I The Work of Drcyer in Relation to Life Insurance 
Examinations, Proc A Life Insurance Medical Directors, 1922, p 202 
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varies v, ith sex, age, weight, height, surface area, chest circumference, 
sitting height, previous occupation, state of health and past history of 
certain diseases With so great a number of variables, the difficulty of 
obtaining enough constants to establish normal variations in lung capacity 
is apparent The best opportunity of solving this difficulty appears to 
he m observing large numbers of persons in whom the variables can 
be carefully estimated The examination of college students seems to 
offer a good field for this purpose 

In most previous studies of this kind, it has been assumed that all 
the individuals of the series were normal from the fact that they were 
not disabled In a very few instances, vital capacity measurements on 
large numbers of supposed normal persons have been reported follow- 
ing a cursory physical examination to establish this normality 
Hutchinson 1 describes no special method of selecting known normals 
in his series of 3,000 Schuster 7 reported vital capacity measurements 
on 959 Oxford students, but did not detail a method of selecting the 
normals Hewlett and Jackson’s 8 series of 400 students “were active 
and showed no evident signs of disease ” In West’s 4 series, no excep- 
tional measures to exclude abnormals are reported In our previous 
series 9 of 1,304, no attempt was made to select absolute normals, but 
the range of the vital capacity distributions agreed fairly well with 
those reported as noimals by others In this series, demonstrable cause 
for low lung capacity was found in 106 of the 186 students below 
90 per cent of normal 

Experience has convinced us that a number of physical factors not 
uncommon among college students, as well as a history of certain past 
diseases, will lower the lung capacity It has been shown, 10 for instance, 
that a group of persons giving a past history of pleurisy, even without 
regard to the type of pleurisy, will show a much lower vital capacity as 
a whole than a group without such history The frequency with which 
extensive fibrinous adhesions of the pleural membranes are encountered 
at neciopsy, and the relative infrequency of a past history of pleurisy 
even m carefully taken histones, illustrates the difficulty of selecting 
normal individuals in this single instance Lemon and Moersch 11 
enumerate many factors not ordinarily associated with pulmonary dis- 

7 Schuster, E First Results from the Oxford Anthropometric Laboratory, 
Biometrika 8 40, 1911 

8 Hewlett, A W, and Jackson, N R The Vital Capacity in a Group 
of College Students, Arch Int Med 29 SIS (April) 1922 

9 Shepard, W P, and Myers, J A A Preliminary Study of the Vital 
Capacity m College Students, Journal-Lancet, 43 355 (July IS) 1923 

10 Shepard, W P The Effect of Certain Past Diseases on Vital Capacity, 
Arch Int Med 33 185 (Feb ) 1924 

11 Lemon, W S , and Moersch, H J Factors Influencing Vital Capacity 
Arch Int Med 33 136 (Jan ) 1924 
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ease which tend to lower the vital capacity Acute respiratory infection, 
henna, spinal curvature, unrecognized pulmonary and cardiac disease, 
overweight, even if slight, and other conditions must be ruled out m 
selecting a series on which to base siandaids for vital capacity measure- 
ments Students from China, Japan, India and the Philippines fre- 
quently show iow vital capacities, in our experience A lowered vital 
capacity m Chinese students has been reported by Foster and Hsieh, 12 
who suggest a racial factor as another possible variable 

This study was therefore undertaken with a view to comparing the 
various standards of estimating the vital capacity in a large group of 
normal y oung men 

METHODS 

During the fall entrance examinations of the last thiee years at the 
Unn ersity of Minnesota, the students’ health service has paid particular 
attention to vital capacity measurements The complete records of 
3,534 male sudents were available for study Vital capacity was mea- 
sured by means of a Sanborn water spirometer Time was taken to 
explain the instrument to each student, and to allow from three to five 
trials before recording the maximum reading Many students having 
a low reading w ithout apparent cause were rechecked at a later date, m 
an effort to secure readings of certain accuiac} All measurements were 
taken with the student stripped Chest circumference was measured at 
the nipple line with the student’s back to a mirror so that the tape might 
be kept horizontal A measurement was recorded at full inspiration and 
again at full expiration and the computed mean used for further 
calculations, after the method of Gray Sitting height was measured 
carefully, as described by Dreyer, with the student sitting on a table, the 
sacrum held firmly against a rule on the wall and the knees drawn up 
The condition of the student's health was determined with a fair degree 
of accuracy by fourteen medical examiners of our own staff, who were 
given between two and two and one-half hours for each student 
examined The occurrence of all important past diseases was noted m 
the history sheet filled out by the student under competent supervision 
By means of Myers’ 13 tables, based on Dreyer’s and West’s formulas, 
vital capacity was computed m peicentage of normal according to the 
individual weight, height, chest circumference, sitting height and surface 

12 Foster, J H, and Hsich, P L The Vital Capacity of the Chinese, 
an Occupational Study, Arch Int Med 32*335 (Sept) 1923 

13 Myers, J A Studies on the Respiratory Organs m Health and Dis- 
ease, VIII, A Method for Quickly Obtaining the Percentage of an Individual’s 
Theoretical Normal Vital Capacity of the Lungs, Am Rev Tuberc 7*161 (May) 
1923; How Much Should Your Lungs Hold? J Outdoor Life, November, 1923; 
The Vital Capacity of the Lungs (to be published) 
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area Finally, the average of these five determinations was noted The 
clerical error in the method employed was less than 2 per cent 

The records were then analyzed with a view to selecting those men in 
whom no physical defect having a possible bearing on vital capacity could 
be detected, and those having no past history of pulmonary or cardiac 
disease This left only 1,641 who were considered normal Among those 
excluded as abnormal and grouped for special study were 376 students 
giving a history of pneumonia, 333 who were 10 per cent or more over- 
weight for their age and height, according to life insurance standards, 
111 giving a history of pleurisy or m whom physical findings of pleurisy 


Table 1 — Distubution of Vital Capacity Readings by Various Standaids 
in One Thousand Sir Handled and Forty-One Nonnal Men 
Univeisity Students 


Percentage 

Weight 

Height 

Stem 

Height 

Surface 

Area 

Chest Cir- 
cumference 

Average 

A. 














Vital 


Per 


Per 


Per 


Per 


Per 


Per 

Capacity Oases 

Cent 

Cases 

Cent 

Cases 

Cent 

Cases 

Cent 

Cases 

Cent 

Cases 

Cent 

Under 10 













70 to 74 



8 

0 49 

1 

006 

4 

024 

11 

0 67 



75 to 79 

5 

0 31 

15 

092 

3 

018 

12 

0 73 

40 

244 

8 

0 49 

SOto S4 

12 

0 73 

44 

268 

15 

092 

29 

1 77 

122 

7 43 

16 

110 

85 to 89 

3S 

2 32 

122 

7 43 

50 

3 05 

122 

743 

213 

12 96 

74 

4 51 

90 to 94 

192 

11 70 

231 

14 08 

98 

597 

225 

13 70 

317 

19 30 

200 

12 20 

95 to 99 

242 

14 75 

272 

16 57 

160 

9 75 

295 

17 9S 

289 

17 60 

312 

19 00 

100 to 104 

317 

19 33 

294 

17 91 

231 

14 05 

296 

18 03 

256 

15 60 

326 

19 88 

105 to 109 

239 

14 58 

205 

12 49 

232 

14 12 

233 

14 20 

148 

902 

246 

15 00 

110 to 114 

233 

14 20 

178 

10 85 

260 

15 83 

181 

1102 

113 

688 

223 

13 60 

115 to 119 

171 

10 42 

131 

798 

203 

12 35 

121 

7 37 

75 

4 57 

143 

8 72 

120 to 124 

107 

8 52 

88 

5 36 

206 

12 55 

83 

506 

38 

2 32 

61 

3 72 

125 to 129 

46 

2 80 

37 

2 25 

168 

10 22 

27 

164 

17 

103 

25 

152 

ISO and over 39 

238 

16 

110 

14 

0 85 

13 

0 79 

2 

012 

7 

0 43 

Totals 1,841 

100 02 

1,641 

100 11 

1,641 

99 90 

1,641 

99 96 

1,641 

99 94 

1,641 

100 17 


weie detected There were thirty-six students excluded as having 
history or physical findings, on subsequent examination, of pulmonary 
tubeiculosis About one third of these had not previously known of the 
existence of the disease Thirty-four students showed definite signs of 
organic heart disease, but were apparently well compensated at the time 
These were grouped for special study A special group was formed of 
574 students who were 10 per cent or more underweight, without any 
evidence of organic defect or past history of pulmonary or cardiac dis- 
ease Other conditions encountered and for which the students were 
excluded as abnormal were acute respiratory infection, hernia, which 
v r as frequently found to loiver the vital capacity, cicatrices from wounds 
about the thorax and shoulder girdle , goiter , paralyses, with atrophy of 
the muscles of the spine or thorax , congenital absence of the pectorals , 
amputations, developmental abnormalities of the bony thorax, marked 
spinal curvature, and chronic diseases, such as nephritis 
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The ages varied from 15 to 35 years The aveiage and the modal 
age was IS Hutchinson, 1 Wmtrich, 1 * Comet 15 and Pratt 10 agree that 
age does not lower vital capacit) until fiom 30 to 35 yeais are reached 

RESULTS 

The incidence distribution of vital capacit) leadings m the 1,641 
students who were considered normal is shown m Table 1 and illustiated 
m Chart 1 In studying the summation cuives m this figure, it will be 
seen that any agent tending to lower the vital capacity readings shifts 
the entire curve to the left From this figuie, it will be seen that the 
computations of vital capacity b) means of surface aiea and standing 



Chart 1 — Vital capacity readings by various standards of 1,641 normal men 
university students 

height almost coincide The weight formula of Dreyer is practically 
parallel to the surface area and the height curves and but slightly to the 
right Estimations of vital capacity, according to stem height, by the use 
of the formula employed here give readings too high m comparison 
to the formulas based on surface area, height and weight Estimations 
according to chest circumference, on the other hand, give readings too 
low It also will be seen that this group of normal young men showed 
more vital capacities above 100 per cent noimal than below In Table 1, 

14 Wmtrich, M A Emleitung zur Darstellung der ICrankheiten der 
Respirationsorgane, Handb d spec Path u Therap Virchow, 1854 

15 Cornet, J Einige spirometrische Beobachtungen nebst emem Ruckbhck 
auf die bis jetzt aufgestellten methoden zur Bestimmung der nhvsikalischen 
Vitalcapacitat, Inaugural Dissertation, Munchen, 1884 

16 Pratt, J H Long Continued Observations on the Vital Canacitv in 
Health and Heart Disease, Am J M Sc 164*819 (Dec) 1922 
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nearly 70 per cent of the total number are more than 100 per cent , or 
normal vital capacity, according to the weight formula, and 35 per cent 
are more than 110 per cent normal Only about 3 per cent are below 
90 per cent normal vital capacity It would therefore seem that, when 
applied to selected normal young men, the vital capacity standards com- 
monly m use are slightly too low Surface area, standing height and 
weight standards most nearly coincide The chest circumference stand- 
ard is too low and the stem height standard too high compared to the 
others 

This is m agreement with the findings of West, 4 who advocated sur- 
face area as the best standard on which to estimate lung capacity In 
his series of 129, only 5 5 per cent were found to have capacities less 
than 90 per cent normal He also stated that Dreyer’s weight formula 
practically agreed with the surface area standard Hewlett and Jackson 8 
reported better correlation between surface area and vital capacity than 
between height or weight and vital capacity In their senes of 400, 
however, 20 per cent of the students fell below 90 per cent normal 
lung capacity In our previous senes, 9 using the weight formula of 
Dreyer and taking what appeared from superficial observation to be 
normals, 14 per cent fell below 90 per cent normal In studying the 
vital capacity in old age with various standards, Myers and Cady 17 
found a close agreement between the estimations based on surface area, 
standing height and weight, while those based on sitting height gave 
leadings 10 per cent higher in men In studying the vital capacity 
measurements of 738 college women, Boynton 18 found that the weight 
and surface area standards nearly coincided, while the stem height 
estimation gave readings too low and was subject to considerable error 
Hewlett and Jackson 8 suggest that present standards are too low when 
applied to a selected group of students 

STUDY OF ABNORMALS 

In order to emphasize the necessity of careful selection of normals 
when comparing standards for the estimation of vital capacity, cer- 
tain of the larger groups of those rejected as abnormal were sub- 
jected to special study The distribution of the vital capacities of these 
groups is given in Table 2 The average of all five vital capacity determi- 
nations (weight, height, surface area, stem height and chest circum- 
ference) was used in these groups in order to make the results 
comparable to those previously reported 10 

17 Myers, J A , and Cady, L H Studies on the Respiratory Organs in 
Health and Disease, XIII, The Effects of Senility on the Vital Capacity of the 
Lungs, Am Rev Tuberc 9 57 (March) 1924 

18 Boynton, Ruth E A Comparison of Normal Standards for the Vital 
Capacity of the Lungs of Women, Arch Int Med 33 292 (March) 1924 
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Three hundred and seventy-six students gaie a history of having 
had pneumonia at some time Neither the type of pneumonia nor its 
gravity v ere detei mined, but, on the whole, the student’s memory of 
the disease would be better in the moie serious cases The vital capac- 
ities of this group are shown in the first column of Table 2, and illus- 
trated by means of summation curves in comparison to the normal m 
Chart 2 The group, as a whole, shows a slight but definite lowering of 
the vital capacity throughout 

One hundred and eleven students gave a history of pleui lsy Again, 
the type and gravity of the disease was undetermined, but, judging from 
the vital capacities of this group as seen m the second column of Table 2 

Table 2 — Distnbufion of Vital Capacity Readings m Cc/latn Gioups 
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and illustrated in Chart 2, the disease was serious enough in the group, 
as a whole, to cause a definite lowering of the vital capacity The dis- 
placement of the curve to the left is nearly as great as m the small group 
with tuberculosis described below 

Thirty-six students gave histories or showed physical signs, on subse- 
quent examination, of pulmonary tuberculosis This included only those 
with definite physical findings or those who gave an unquestionable his- 
tory The effect of this disease on the vital capacity of the group as a 
whole is shown in the third column of Table 2, and illustrated in com- 
parison with the normal in Chart 3 The lowering of the vital capacity 
is most pronounced in this group 

Thirty-four students gave unquestionable history, or showed definite 
physical signs of organic heart disease In view of the effect of heart 
disease on vital capacity reported by Ulrich and Nathanson 10 and others, 

19 Ulrich, H L , and Nathanson, M H The Vital Capacity of the Lungs 
m Cardiac Disease, Minnesota Med 4 721 (Dec ) 1921 
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these were grouped for special study It is noteworthy that all these 
individuals appeared to be in good health and about one-half the group 
had never suspected the existence of cardiac disease In spite of the 



Chart 2 — Comparison between vital capacities of normal students and those 
giving histones of pneumonia and pleurisy 



Chart 3 — Comparison between vital capacities of normal students and those 
with histones or physical signs of pulmonary tuberculosis or organic heart 
disease 

absence of symptoms or signs of decompensation or pulmonary con- 
gestion, this group, as a whole, showed a maiked lowering of the vital 
capacity (Table 2, Chart 3) 

The effect of obesity on the vital capacity has long been recognized 
Since the degree of obesity required to lower the vital capacity is ques- 
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tionable, and it was desired to come well within the maigm of safety m 
selecting the group of normals, all persons who weie 10 per cent or 
more overweight foi their age and height, according to life insurance 
standards, were placed m a special group numbering 333 cases Table 2 
and Chart 4 show that the vital capacity of this group, as a whole, is 
slightly lowered Obviously, this method excluded some of the big men 
who were not truly obese and who had unusually large lung capacity 
The occiu rence of marked obesity was rare in this age group 

There was a large group of 574 students who were 10 per cent or 
more underweight, according to insurance standards, but who showed 
no definite organic defects Obviously, being 10 per cent underweight 
is not a serious defect at this age In some members of the group, how- 



Tbrccntaga of Normol Vita! Copacity 

Chart 4 —Comparison between vital capacities of normal students and those 
10 per cent or more underweight or overweight 

ever, tuberculosis was suspected , others showed slight evidences of mal- 
nutrition, many were of the immature, nonrobust type Hence, many 
could not be called normal, and the entire group was excluded The 
vital capacities of this group weie slightly lowered as shown m Table 2 
and Chart 4 

When a curve is plotted to show the vital capacity of all those con- 
sidered abnormal as compared to a curve for all those considered normal, 
the curve for abnormals is slightly but definitely lower throughout The 
difference is small enough to bung up the possibility of its being 
negligible It is believed, however, that when the size of the series is 
considered, together with the fact that the division between abnormals 
and normals can never be absolute, the impoitance of using gieat care 
m selecting normals as a basis for study is still apparent 
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CONCLUSIONS 

1 When applied to 1,641 carefully selected men university students, 
the commonly used standards for estimating vital capacity from surface 
area, height and weight practically coincide 

2 The estimation based on chest circumference gives readings con- 
siderably too low, while that based on sitting height gives readings too 
high 

3 When applied to this selected group, all standards give readings 
too high for a normal distribution 

4 Great care should be used m selecting normals for purposes of 
working out standards for the estimation of normal vital capacity 



THE PERMEABILITY OF HUMAN BLOOD CELLS 
TO CARBON DIOXID AND AMMONIUM 
HYDROXID IN SOLUTIONS OF 
SAME pn' 

HERMAN E PEARSE, AB 

BOSTON 

INTRODUCTION 

The pathology of Bichat, more than a centuiy ago, centered about 
organs and tissues and that of Virchow about cells, while that of today 
also concerns the contents of latei moiphologic units Little is known 
of the great variety of complex piocesses and of obseme changes which 
occur within cells, but it is lecognued that the icgulation of then hydio- 
gen ion concentration plays an important role in maintaining their 
normal activity In contrast to the simplicity of detei mining the 
hydrogen ion concentration of the bod) fluids, it is perhaps impossible 
to determine it accurately for a part or the whole of living cells It is a 
frequent assumption that cells are of the same hydrogen ion concen- 
tration as then surrounding medium That this is not necessarily the 
case has been shown by Bethe, 1 Warburg,- Harvey, and Jacobs 1 from 
studies made on sea urchin eggs and plant cells Jacobs has cleai ly shown 
that the substances contained in the suri minding fluid, especially 
carbon dioxid and ammonium salts, have more influence on the pu of 
stiuctures within cells than does the actual p n of their surrounding 
medium The relative permeability of the cells of the human body to 
carbon dioxid is an impoitant phase m the regulation of respuation, and 

* From the medical service of the Collis P Huntington Memorial Hospital 
of Harvard University This paper is No 37 of a scries of studies on 
metabolism from the Medical School of Harvard University and allied hospitals 
The expenses of this investigation have been defrayed by a grant from the 
Proctor Fund of the Medical School of Harvard University for the study of 
chronic diseases 

1 Bethe, A Die Bedeutung der Elektrolytcn fur die rhythnnschen Beweg- 
ungen der Medusen, Arch f d ges Physio! 127 219, 1909 

2 Warburg, O Uebcr die Oxydationcn in lebenden Zellen nach Vcrsuchcn 
am Sceigelei, Ztschr f physiol Chcm 66 305, 1910 

3 Harvey, E N Studies on the Permeability of Cells J Exper Zool 
10 507, 1911 

4 Jacobs, M IT The Production of Intracellular Acidity by Neutral 
and Alkaline Solutions Containing Carbon Dioxid, Am J Physiol 53 457 
(Oct) 1920, to What Extent Are the Physiological Effects of Carbon Dioxid 
Due to Hydrogen Ions? ibid 51 321 (March) 1920, The Influence of Ammonium 
Salts on Cell Reaction, J General Physiol 5 181 (Nov) 1922 General 
Cytology, edited by E V Cowdry, Section 3, Chicago, University of Chicago 
Press, 1924 
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the question arises whether or not different human cells have the same 
permeability for carbon dioxid and ammonia An attempt to answer 
this question and to determine if Jacobs 5 results with sea urchin eggs 
are applicable to living human cells has been the object of the investiga- 
tions reported here 

METHODS 

The obseivations have been confined to the foimed elements of the 
human blood since they offer conveniently accessible test cells These 
observations concern mainly the white blood corpuscles and, to a lesser 
extent, the platelets No information could be deduced concerning 
intracellular changes m the red blood corpuscles except with regard to 
internal structures, which they contain as a result of then immaturity 

In the first set of observations, a drop of blood was used without anj 
anticoagulant In the subsequent studies, large numbers of cells weie 
obtained by sedimentation from venous blood to which crystalline 
sodium citrate was added 

The lelatively nontoxic, vitally staining dye, neutial red, was used 
since it acts as an indicator at the p H of the blood The strength of the 
dye was varied from 0 04 to 0 1 pei cent in absolute alcohol in ordei 
to stain adequately the varying numbers of cells used 

Chemically clean, dust free, glass slides were flooded with the alco- 
holic solution of dye, the excess was quickly drained oft, and the film 
allowed to di> A drop of fresh blood was then taken on a clean glass 
co\ er slip, placed on the prepared slide, and sealed with petrolatum This 
prepaiation was then kept in a w aim stage at 37 5 C After five 
minutes, the mtracellulai structures within the blood corpuscles which 
take up neutral red became uniformly stained The influence on the 
cells of three solutions of the same /> H , but of different composition, was 
then tested These three solutions weie the same as those used by 
Jacobs/ and were prepared as follows 

1 Half molar sodium chlond was bi ought to pn 7 4 with a trace of 
sodium bicarbonate 

2 Half molai ammonium chlorid was bi ought to pn 7 4 with 
ammonium hj dioxid 

3 Half molar sodium bicarbonate was bi ought to pn 74 with 
carbon dioxid gas 

These solutions were diawn undei the coier glass and mixed with 
the blood, according to the requirements of the diffeient experiments 
In the group of experiments with masses of cells, larger quantities of 
the solut’ons were mixed with the “leukocyte cream” in test tubes 

All determinations of the hydrogen ion concentrations of fluids were 
made b) color comparison with standard buffer solutions (prepared 
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according to the method of Palitzsch 5 6 ) to which brom-thymol blue was 
added as an indicator 

The different experiments were repeated numerous times in order 
to venfy the coirectness of the obseivations 

OBSEIW ATIOXS 

1 The Changes Within the Cells— An excellent study of blood cells 
stained with Mtal dyes has been made by Sabm, c so that only brief 
reference will be grven here to the phenomena observed 

When fresh blood is stained with neutral led, the polymorphonuclear 
neutrophil leukocytes, within the course of a few minutes, show red < 
staining particles that are definite, constant and characteristic structmes 
within the cytoplasm It is not possible to tell definitely whether these 
\ itally staining granules are the same as those that become coloi ed m a 
fixed preparation with Wright's stain These vitally stained particles 
are constantly streaming through the cytoplasm as the cell puts out its 
blunt pseidopodia If the ceil is injured, it ceases to move and the 
vitally staining granules take on brownian movement If the cells die, 
their nuclei, which have previously been unstained, take up the dye, while 
the vitally staining gianules m the cytoplasm lose much of then red 
color The beha\ lor of all other white blood cells is sinulai to that of 
the polymorphonuclear neutrophil leukocytes, and the number of led 
staining particles apparently varies with the nuiubei of gianules 
observed m similar cells stained with Wright’s stam 

Characteristically, the platelets contain several mtracellulai stiuc- 
tures that stam bnlliantly with neutial red When the platelets are dead, 
the dye may permeate diffusely through their protoplasm, going it the 
appearance of ground glass 

In a preparation of fresh blood stained with neutial led. theie may 
be seen only a veiy faint staining of the mature red blood coipuscles 
Normal immature led blood corpuscles may contain nuclei, letiuilum, 
and granules (Isaacs 7 ), and of these stuictuies in the living cell only 
the reticulum stains with neutral red This staining of the leticulai 
substance was observed many times, and even the smallest poition 
quickly takes up the dye 

The fresh vitally stained specimens of blood weie each subjected to 
one of the thiee solutions previously desenbed, and then effect was 

5 Palitzsch, S, quoted by Clark, W M The Determination of Hydiogen 
Ions, Baltimore, Williams & Wilkins Co, 1920, p 85 

6 Sabin, F R Studies of Living Human Blood Cells, Bull Tohns Hopkins 
Hosp 34 2 77 (Sept) 1923 

7 Isaacs, R Properties of Young Erythrocytes in Relation to Agglutina- 
tion, and Their Behavior m Hemorrhage and Transfusion, Arch Int Med 
33 93 (Feb ) 1924 
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noted on the \itally staining mti acellular structuies In Table 1 are 
shown the changes caused by the solutions m the coloi of the stained 
particles of living and dead polymorphonucleai neutrophil leukocytes 
and platelets, in the stained nucleus and partially stained cytoplasm of 
these cells when dead, and in the cytoplasm and reticulum of nucleated 
and nonnucleated erythrocytes 

The solution of sodium chlond brought to p H 7 4 with a trace of 
sodium bicarbonate caused no change m the coloi of any stained mtia- 
cellular structures The table shows, however, that when a living 
leukocyte is subjected to the solution at p H 7 4 which contains ammonia, 
the reaction of the vitally stained intracellular particles becomes alkaline, 
while if the surrounding solution, also at pn 7 4, contains carbon clioxid 


Table 1 — Effect of TIucc Diffcicnt Solutions of Same p h on Sfiucfutes 
of Blood Cells That Stam Vitally with Neutral Red 



Solution 1 

Solution 2 

Solution 3 

'lype of Cell Stnicture 

Half Molar 
Sodium Chlond 
and Trace 
Sodium 
Bicarbonate 

Pn 7 4 

Half Molar 
Ammonium 
Chlond and 
Ammonium 
Hydro\id 

Ph 7 4 

Half Molar 
Sodium 
Bicarbonate 
and 

Carbon Dio\id 

Pa 7 4 

Cjtoplasmic granules of living 
polymorphonuclear neutrophil 
leukocytes and blood platelets 

No cli ingc 

Change to \ellou , 
alkaline reaction 

Change to sc irlet 
acid react on 

Nucleus and cytoplasmic gnn 
ules of dead polymoiphonu 
dear neutrophil leukocytes 
ind blood platelets 

No change 

Change to scarlet, 
acid reaction 

Change to yelloti , 
alkaline reaction 

Cytoplasm of nucleated and 
nonnucleated erythrocytes 
Reticulum of nucleated and non 
nucleated ery tliroct tes 

No detectable 
change 

No eh inge 

No detectable 
change 

Ch inge to scarlet, 
acid reaction 

No detectable 
change 

Change to yellov 
alkaline reaction 


the reaction of these granules becomes on the acid side of neutrality 
The stained structures in the dead leukocytes and the reticulum of the 
immature red blood corpuscles, on the other hand, have an opposite 
reaction to the latter two solutions to that of structures within the living 
white corpuscles 

Observations made on polymorphonuclear eosinophil and basophil 
leukocytes, large mononuclear leukocytes, lymphocjtes, and all forms of 
immature myeloid and lymphoid cells from cases of myelogenous and 
lymphatic leukemia showed that the vitally r staining structures which 
they contain leacted in the same way to the test solutions as did the 
stained granules of the living neutrophilic leukocytes The mechanical 
difficulties of exposing all the cells to the test solutions at the same 
moment were such that it was impossible to make any accuiate cjuantita- 
tne comparisons on the time lequired to change the color of the stained 
particles The impression was gained that the lymphocytes not onlv 
stained moie rapidh with the dye but also reacted more quickly to the 
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test solutions than did the othei white blood corpuscles It is wot thy 
of note that the behavior of all forms of white blood corpuscles to the 
test solutions is strikingly similar n respective of eithei then moi- 
phologic differentiation 01 then degiee of matui it) 

The stained pai tides m the blood platelets leaded in the same 
fashion as the vitally stained gianules of the living leukocytes, which is 
to be expected m wew of the fact that the platelets aie detached 
cytoplasmic fiagments 

Changes m the color of adult erythiocytes when subjected to neutial 
red are so slight that the> do not sene to indicate alienations m the 
hydrogen ion concentration The adult red blood corpuscles are such 
important units in the scheme of hemal transpoi tation that many 
attempts were made to introduce an indicator into then piotoplasm for 
the purpose of obserwng then reaction Numeious vital dyes were 
tried but, unfortunatel) , none sufficed for the purpose 

That the reticulum of the nucleated and nonnucleated erythiocytes 
should react to the test solutions m the same way as the stained stiuc- 
tures of the dead letikoc)tes may be taken as evidence in favoi of the 
\ lew set forth by Key, s that the reticulum is an inactive substance which 
is precipitated by the action of ceitam vital stains However, this 
observation maj hate no bearing on the nature of the reticular substance 
for the phenomenon may be due to a different charactei of the cell mem- 
brane of the erythrocytes from that of the living white blood cor- 
puscles Cytologically, the eiythrocytes often are not considered as 
true cells, hence the senupermeable pioperties of their membranes may 
not be comparable to those of othei living cells 

2 The Changes m ihc Sun ounding Medium ■ — It has been observed 
that when blood cells stained with neutral led are subjected to solutions 
of the same p n , but of difierent composition, the coloi leaction of those 
mtracellulai structmes which take up the dye may be changed It is 
logical to assume that the leaction of the surrounding medium should 
become altered as a result of the loss of those substances which pene- 
trate the cells The following expei intent was devised to determine if 
this change could be demonstrated 

One cubic centimeter of the “leukoc)te cream” fiont blood obtained 
fiorn patients with chronic leukemia was placed in a waim glass cen- 
trifuge tube Two cubic centimeters of the solution to be tested weie 
mixed with these living cells This prepaiation was at once cen- 
trifugated for tin ee minutes at 1,000 i evolutions per minute and the p n 
of the resulting supernatant fluid was determined immediately 

8 Key, J A Studies on Erythrocytes, with Special Reference to Reticu- 
lum, Polychromatoplnlia and Mitochondria, Arch Int Med 28 511 (Nov) 1921 
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This experiment was repeatedly done with each of the three test 
solutions, using white cells removed from the blood both soon and some 
time aftei its withdrawal fiom the body 

The results obtained weie always consistent with those given m 
Table 2 

The time which elapses between the withdiawal of the blood from 
the body and the separation of the white corpuscles influences the results 
When the cells are separated from the blood by centrifugalization as 
soon as possible after its removal from the blood stream and a uniform 
number immediately mixed with each of the three test solutions, the p H 
of Solutions 1 and 3 is unchanged, while that of Solution 2 is slight!} 
decreased On the other hand, when the whole blood stands in an 
mcubatoi at 37 5 C for approximately two hours, until the cells have 
settled out, the solutions then, aftei contact with the cells, show a decrease 
in the pH of Solutions 1 and 2 while that of Solution 3 remains 


Table 2 — Changes in the 

pn of the Test 

Solutions Siu ? onnding the Living 


White Blood Cot puscles 



Solution l 

Solution 2 

Solution 3 

Interval Between the With 
drau al of the Blood from 
the Body and the Separa 
tion of the White Cells 

Half Molar 
Sodium Chlorid 
and Trace 
Sodium 
Bicarbonate 

Ph 7 4 

Half Moln 
Ammonium 
Chlorid and 
Ammonium 
HydroMd 

Pa 7 4 

Half Molar 
Sodium 
Bicarbonate 
and 

Carbon Dio\id 

Ph 7 4 

About 8 minutes 

About 2 hours 

Pa 7 4 
p, iG8 

Pa 7 1 

Pa 6 8 

Ph 7 4 

Ph 7 4 


unchanged It is probable that the products of cellular metabolism 
collect in the cells, on standing, to a sufficient extent to cause the varia- 
tion m the findings 

It will be recalled that the vitally stained particles in the living 
leukocytes were observed to have an acid reaction when subjected to the 
solution containing carbon dioxid Apparently, this solution has lost 
acid which has penetiated the cells, and yet, after contact with laige 
numbers of cells, no change in its pn was demonstrated In conti adis- 
tmction, the penetration of ammonia fiom Solution 2 into the white 
blood corpuscles results in a demonstiable increase in acidity of this 
solution, and this acidit) is more pronounced if the cells are sedimented 
b> standing in an incubator Solution 1 contains no substances capable 
of rapid penetration into the cells, and there is no change in its pn othei 
than that caused by the condition of the cells These results can be 
explained b) i ecogmzmg the difference m buffer properties of the thi ee 
test solutions Solution 1 (sodium chlorid plus sodium bicarbonate) 
changes its p H with great ease on the addition of acid , Solution 3 
(sodium bicarbonate plus carbon dioxid) resists strongly change of pn 
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b> the addition of acid, while Solution 2 (ammonium chlond plus 
ammonium hydioxid) acts mtei mediately between these two It seemed 
leasonable that since these solutions difier in then buftei piopeities, 
any changes which occuired as a lesult of the migiation of ions into the 
cells might be demonstrated by titiatmg the solutions befoie and aftei 
the) had been mixed with leukocytes Consequently each of the solu- 
tions was titiated to pu 6 6 with hundiedth noimal Indiochlonc acid 
using phenol ted as an indicatoi, both betoie and aftei the solutions 
had been in contact, foi about foui minutes, with white blood cells 
obtained as soon as possible fiom patients with leukemia The lesults 
shown in Table 3 w r etc obtained in each of sc\etul successne obsei Na- 
tions with cells of both lymphoid and myeloid ongm 


Tabll 3 — Amount of Hundiedth \onnal Hydi ocltloi tc Acid Rcqmud to 
Tit) ate ] cc of Test Solution to />» <5 6 Using Phenol Rid as tin Indicatoi 



Solution l 

Solution 2 

Solution “) 


Half Mobil 

Half Molai 

Half Molai 


Sodium Clilorid 

\mmonium 

Sodium 

Condition* of Experiment 

and Trace 

Chloild and 

Bicarbonate 

Sodium 

Ammonium 

and 


Bicarbonate 

Hydroxid 
j)u 7 4 

Carbon Dio\id 


7>h 7 4 

Pit 7 4 

Before mixing with the ' leuko 

1 2ec X/100 

1 7r»c c X/100 

4 1 cc X/100 

cMrcrcnm" 

In droehlorle acid 

hydrochloric add 

Indrochlotie add 

A. f tor mixing with the Icuko 

line X/100 

OStc X/100 

4 he c X/1<0 

c\to trenm' 

hydrochloric acid 

In droehlorle add 

In droehlorle add 


The lesults shown m Table 3 not onl\ lllustiate the iclatne buftei 
pioperties of the test solutions, but also give pi oof of the fact that the sm- 
rounding medium changes its titiatable acidity when theie is a change of 
coloi icaction of stained mti acellular stiuctuies It will he obseivcd that 
there is little oi no change in the solution containing sodium chlond 
and sodium bicaibonate aftei it has been mixed wuth white blood cells 
noi does this solution cause an) detectable change in the coloi of those 
mtiacellulai pat tides which stain vitally with neutial led The solu- 
tion which contains ammonia causes the vitally stained pai tides of 
living cells to become yellow, foi it loses alkali when in contact with cells, 
and, hence, less acid is required to bring it to a p u of 6 6 Finally, the 
penetration of carbon clioxid into the living leukocytes causes then 
vitally stained structures to change fiom led to scailet, and leaves the 
third solution moie alkaline, and, as a lesult, moic hundredth noimal 
hydrochloric acid is lequired to bung it to a />„ of 6 6 

COMMENT 

The expei iments demonstiate foi human blood cells what Jacobs 1 
has shown holds tiue foi sea urchin eggs and plant cells, namely, that 
mtiacellulai acidity and alkalinity may be pioduced by solutions of the 
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same /> H but of different composition No distinct diffeiences could be 
detected between anv of the known foims of mature and immature livmsr 
Avhite blood corpuscles or blood platelets in their leaction to the thiee 
solutions Howevei, the leaction foi dead cells and for the reticulum of 
erytlnocvtes was the leverse of that for living white blood cells 

It is presumed that the presence of carbon dioxid and ammonia in 
these solutions is responsible for the changes that occur In all biologic 
phenomena involving carbon dioxid and ammonia for their production, 
there is always sufficient water present to bring about the dissociation 
of these substances Carbon dioxid m aqueous solution behaves as a 
weak acid for its dissociates as follows 

CO. + H-0 H-CCb 

H-COr, H + -h HCO,- 
HCOr + COa= 

The partial hydrolysis of the acid salt ammonium chlond m aqueous 
solution pioduces ammonium hydioxid, and, m the test solution used, a 
trace of the lattei is added to secure a reaction foi the whole of pn 7 4 
Sodium hydroxid, aside from the equilibrium which it maintains with 
ammonia, dissociates into ammonium and hydroxid ions There is 
insufficient evidence at hand to determine definitely what forms of 
carbon dioxid and ammonia penetrate the cells and what forms cause 
the changes observed Therefore, when the terms carbon dioxid and 
ammonia are used here, they should be interpreted in their broadest 
sense to include any of their dissociation products m aqueous solutions 

The experiments that have been pei formed demonstrate not only 
that the p H of intracellular structures, as shown by their color changes, 
may be changed m eithei direction or unchanged by solutions of the 
same p H , but they also show that the change of reaction of these solutions 
is in the opposite dnection to those within the cells The solutions 
become more acid when the stained mtracellulai particles become 
alkaline and vice versa This phenomenon of the cellular reaction being 
opposite to that of the suriounding medium occurs m the physiologic 
processes of the production of gastnc juice and the secietion of urine 
Bernard, 9 by the use of the Prussian blue reaction, demonstrated that 
the gastric glands were not acid Haivey and Bensley, 10 by means of 
the injection of vital dyes, and Chambers, 11 by nucrodissection studies, 

9 Bernard, Claude Legons sur les proprietes physiologiques des liquides 
de l’organsime, Paris, 1859, p 375 

10 Hanej, B C H, and Bensley, R R Upon the Formation of Hydro- 
chloric Acid in the Foveolae and on the Surface of the Gastric Mucous Mem- 
brane and the Nonacid Character of the Contents of Gland Cells and Lumina, 
Biol Bull 23 225, 1912 

11 Chambers, fe Microdissection Studies on the Physical Properties of 
Protoplasm, Lancet\Clinic 123 363, 1915 
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have shown that the panetal cells of the gastnc glands ate alkaline when 
there is an active production of an acid gastric juice Stieghtz 12 has 
recently demonstrated that the cells of the kidney tubules, which are 
aiding m the secretion of an acid urine and are nourished by blood which 
is nearly neutral, are themselves alkaline in leaction This difference 
in reaction between cells and fluids may be an important phase of the 
mechanism for the control of the hydrogen ion concentration of the 
organism In any event, it maj be conclusnely stated that the pre- 
sumption that the p H of the surrounding medium is always the same 
as the p H of the cells is erroneous and untenable 

The results that hare been obtained indicate that carbon dioxid and 
ammonia penetrate human blood cells more easily than do the other 
substances piesent m the solutions This is m accord with previous 
knowledge concerning these substances It is probable that, since carbon 
dioxid and ammonia are formed m the body, the physiologic results 
which they produce, m part, may be attributed to their property of 
permeability In no way is it wished to convey the idea that by demon- 
strating a change of p H of the vitally staining structures m blood cells, 
there has been demonstrated a change of p n of the cytoplasm The 
living cytoplasm, as it is ordinarily conceived, contains amphoteric 
electrolytes, which would resist change in p n Moreover, as Fischell , 13 
M R Lewis , 14 W Ii Lewis 15 and Prigosen have maintained, neutral 
red furnishes data only in regard to certain preformed bodies existing 
within the cells That these stained particles are chemically fixed and 
are not a part of the living cytoplasm has been put forth by W H 
Lewus 15 and b> Bechold 17 The statement of M R Lewis , 14 that “it 
is impossible, so far as I know, to determine the hydrogen ion concen- 
tration of the living cell,” clearly and correctly expresses the difficulties 
of the problem This does not detract from the importance of the fact 
that one cannot predict the pn of structures withm the cell from the p n 

12 Stieglitr, E J Histologic Hydrogen Ion Studies of the Kidnej, Arch 
Int Med 33 483 (April) 1924 

13 Fischel, A Untersuchungen uber vitale Farbung, Anat Hcfte 16 415, 
1901 

14 Lewis, M R The Effect of Certain Vital Stains Upon the Develop- 
ment of the Eggs of Ccrcbiatulus lactcus, Echmotachmus paima and Lapkins 
piscatomis , Anat Rec 13 21, 1917 Reversible Gelation in Living Cells, Bull 
Johns Hopkins Hosp 34 , 373 (Nov) 1923 

15 Lewis, W H Degeneration Granules and Vacuoles in the Fibroblasts 
of Chick Embryos Cultivated in Vitro, Bull Johns Hopkins Hosp 30 81 
(April) 1919 

16 Prigosen, R E The Formation of Vacuoles and Neutral Red Granules 
in Connective Tissue Cells and Blood Cells Observed Under Abnormal Con- 
ditions, Bull Johns Hopkins Hosp 32 206 (June) 1921 

17 Bechold, H Colloids in Biology and Medicine, Trans by J G M 
Bullowa, New York, D Van Nostrand Company, 1919 
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of the surrounding medium For though these vitall) staining constit- 
uents may not be a pait of the living cytoplasm, jet they are contained 
in it, and any substance which penetrates the cell membrane and changes 
their pH must first pass through the cj toplasm 

CONCLUSIONS 

1 The formed elements of the human blood are freely peimeable 
to carbon dioxid and ammonium hydroxid 

2 The intracellular structures of living white blood corpuscles and 
blood platelets which stain vitally with neutral red may be made acid, 
alkaline, or remain essentially neutral by surrounding solutions with a 
Ph of 7 4 

3 These same solutions cause the reaction of the stained intra- 
cellular structures of dead white blood cells and the reticulum of 
erythrocytes to be the reveise of that produced in the living leukocytes 

4 Changes in the reaction within the cells aie accompanied bj 
opposite changes in the surrounding medium 
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The rapidly inci easing use of the duodenal tube has also gieally 
increased the need of piactical chemical methods for the examination 
of duodenal contents, and as a result several systems have been 
descnbed 1 Of these methods, we have had most experience with the 
technic of McClure, Wetmore and Reynolds, 1 which was selected foi 
this purpose because it appeared to 11 s to be based on methods which 
had been carefully and scientifically tested out in othei lines of woik 
Two points opeiate against the practical application of the methods 
of examination of duodenal contents descnbed by McClure and his 
collaborators One of these is that the reagents used in the preparation 
of the substrate eithei aie difficult to seeme or are of varying composi- 
tion These authois recommend for this purpose an emulsion of cotton- 
seed oil prepared by the Walker-Goulon Company of Boston, a prepa- 
ration of paracasein (the soluble casein of Van Slyke and Bosworth) 
which, as far as we have been able to learn, cannot be bought on the 
market, but must be prepaied in the iaboiatoiy, and soluble starch, 
which must be selected with the view of obtaining a preparation contain- 
ing a minimum amount of reducing bodies We have used thioughout 
our work an emulsion of cottonseed oil seemed from the Walker-Gordon 
Company, but have replaced the soluble casein (paracasein) lecom- 
mended by a high grade of casein (Pfundstiehl’s highest purity) and 
the soluble starch by the 01 dmai y corn starch pi epared by boiling 2 gm 
of this substance with 100 c c of distilled water foi half an horn , at 
the end of this period the staich paste is cooled, made up to the ongmal 
volume (100 cc) and mixed with 100 cc of McCluie’s 0 2 molat 
phosphate nuxtuie of p n 8 4 

" From the Department of Medicine and the Laboratory of Physiologic 
Chemistry of the Tulane University of Louisiana School of Medicine 

1 McClure, C W , Wetmore, A S , and Reynolds, L New Methods foi 
Estimating Enrymatic Activity of Duodenal Contents of Nonnal Man Arch 
Int Med 27 706 (Tunc) 1921 
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The second objection to the practical application of duodenal analysis 
is the fact that McClure 2 recommends the use of a cream meal (50 cc 
of 20 per cent cream) to be given by mouth after the duodenal tube 
has been passed This procedure is often difficult of application as 
cream is frequently not available in hospitals except on special order, 
and its administration adds another rather troublesome detail even in 
office practice 

The use of the cream meal was recommended because it was found 
that the ingestion of fat apparently caused the flow of a juice richer 
m enzymes than that obtained after the use of carbohydrate or protein 
and it was believed by McClure and his collaborators that the exami- 
nation of such a secretion, representing a fluid of maximum digestive 
power for the individual under examination, was of greater diagnostic 
value than the analysis of the secretion obtained from the fasting subject 

We have recently had the opportunity of collecting and examining 
a considerable numbei of specimens of duodenal juice from a patient 
with a duodenal fistula, from whom it was possible to obtain liberal 
portions of the duodenal contents by means of a syringe, the tip of 
which could be inserted through the fistulous opening In view of the 
scarcity of published data regarding the enzymatic concentration of 
normal duodenal contents, we have felt that the publication of our 
results might furnish material of interest to workers m this field 

REPORT OF CASE 

The patient, a negro laborer, aged 23, was an inmate of the New Orleans 
Charity' Hospital, to which institution he had been admitted, Dec 21, 1923, 
suffering from an injury caused by a pistol bullet which had entered the 
right side immediately below the costal border On operation, which was 
performed by Dr E L Irwin, a few hours after admission, repair was made 
of three perforations of the colon, and, as it was found that the projectile 
had made exit immediately posterior to the gallbladder, perforating this organ 
at its attachment to the liver, a cholecystostomy also was performed After 
the operation, the patient made satisfactory progress for sixteen days, when, 
during a fit of coughing, the suture line gave way In an emergency operation, 
the abdominal wound was again closed Progress now continued to be satis- 
factory until Feb 22, 1924, when it was noted that a fistulous opening had 
appeared m the upper third of the abdominal wound Exploration of this 
fistulous opening, by Dr Irwin, gave definite evidence of its duodenal origin 

After the third operation, the patient continued to make satisfactory progress, 
and, in spite of the persistence of the fistula, he gained rapidly in weight 
and strength As judged by the amount and quality of the food consumed, 
he was apparently possessed of unusually good digestive powers, and as his 
cooperation was easily' secured, he was found to be an excellent experimental 
subject 


2 McClure, C W , and Wetmore, A S Studies m Pancreatic Function 
Enzyme Concentration of Duodenal Contents -After Ingestion of Pure Food- 
stuffs and Food Mixtures by Normal Man, Boston M & S J 187 882-895 
(Dec 14) 1922 
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experiments 

All experiments wei e performed in the foienoon when the patient was 
resting quietly in bed As the secietion flowed more or less continuously 
fiom the fistula, it was necessaiy to have an assistant at hand to mop up 
the overflow with gauze When a specimen was desued, the tip of an 
oulmary glass s>rmge to which had been attached a short piece of 
rubber tubing was inserted just within the opening of the fistula, and 
a sample sufficiently large for the detei initiation of the enzymatic concen- 
tration and the p n (by the electiometnc method) was secured m a 
penod of one to two minutes 

In every experiment, the patient was first observed in the fasting 
condition (fiom eighteen to nineteen hours aftei the last meal) and 
after a sufficient number of samples of fasting contents had been 
obtained, he was then fed by mouth definite amounts of ielativel> simple 
foodstuffs 


Experiment 1 — Effect of Milk Ingestion on Duodenal Enzymes, Enzymatic 

Concent i ation 


Time, 

Amylo 

IS tic 
in Mg 

Lipoly tic 
in C c Proteo 
Tenth lj tie 

Normal in Mg 

Sodium Nonprotein 



April 3, 1924 

Glucose 

Hjdro\id Nitrogen 

/>» 

Remark 

9 58 a in 

2 G 

0 

4 0 

oso 

Pasting about eighteen hours 

10 00 

2-2 

0 

40 

0 GO 

Pasting 

10 04 

2 2 

0 

“) 

0 GO 

Tasting, 200 c e of milk ghen at 10 05, 
and 200 ce at 10 37 

11 08 

20 

02 

53 

7 0S 

Tlrst curds appeared In fistula liquid 
nt 10 40 


Experiment 2 — Effect of Cream Ingestion on Duodenal Enzymes , Enzymatic 

Conccnti ation 


1 line, 

Am\l 0 
lytic 
in Mg 

Lipolytic 
in C c Proteo 
lentil htic 

Normal in Mg 
Sodium Nonprotein 



April 0, 1924 

Glucose 

Hjdro\id Nitrogen 

Jin 

Remarks 

10 22 a m 

1 37 

01 

1 0 

7 20 

Fasting about nineteen hours 

10 53 

2 

0 

33 

734 

200 cc of 20 per cent cream ghen nt 
10 27 

11 13 

1 4 

1 1 

i 3 

T 5 

A second 200 cc portion of cream 
given nt 10 57 

11 43 

1 0 

04 

2 '1 

(.0! 

Curds from cream appeared in the 
fistula fluid nt 10 5S 


Experiment 3 —Effect of Egg dlbunuu Ingestion on Duodenal Enzymes, 

Enzymatic Concentration 


Time, 

April 8, 1924 

Ainylo 

Ivtic 

In Mg 
Glucose 

Lipoly tie 
in C c Proteo 
Tenth lytic 

Normal in Mg 
■Sodium Nonprotcin 
Hydioxid Nitrogen 

Pn 

Remarks 

9 25 a 111 

24 

0 

4 4 

0 81 

Pasting about eighteen houis 

10 .30 

5 

0 

5 1 

7 65 

At 9 48, fed eight egg whites and one 

11 05 

5 

1 5 

87 

0 59 

yolk boiled two minutes, and a small 
amount of sodium chloric! 

Subject sleeping 

11 20 

28 

1 3 

76 

0 42 

Subject awake 
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Experiment 4 — Effect of Staich Ingestion on Duodenal Enzymes, Enzymatic 

Concent) ation 


Lipolytic 
mCc Proteo 
Anij lo- Tenth lytic 
1 \ tic Normal m Mg 
Time, in Mg Sodium Nonprotein 


April 17, 1924 

Glucose 

Hydroxid Nitrogen 

])H 

9 50 a m 

36 

03 

31 

6 71 

10 14 

3 

01 

5 7 

717 

10 35 

17 

01 

3 4 

7 44 

10 53 

2 26 

02 

6 

7 45 

11 36 

3 

06 

0 2 

6 75 


Remaiks 


Stilted eating 153 gm of nrromoot 
biscuit 

Finished crackers and drank 200 c c of 
inter, at 10 33, crackers appeared in 
the secretion 
Patient asleep 


SUM MARI 

The influence on the pancreatic secretion of different foodstuffs 
taken by mouth has been demonstrated in the foregoing experiments, 
these observations were made undei such conditions that there was no 
interference with the gastric function, which must necessarily come with 
the use of a duodenal tube 

The fasting duodenal fluid was collected and the enzyme concen- 
tration determined as a working basis in each experiment The p K of 
each specimen analyzed was always recorded 

The effect of ingesting a mixture of protein, fat and carbohydrate, 
m the form of 400 cc of milk, taken m two equal portions one-half 
houi apart, is a stimulation of the piotease and lipase (Experiment 1) 
This increase m proteolytic and lipolytic activity was noted one-half 
hour after the subject took the last portion of milk 

The ingestion of fat in the form of cream, in two portions of 200 c c 
each, one-half hour apart, brought about a very distinct stimulation of 
the amylase and the protease within twenty-six minutes after taking 
the first portion About twenty minutes later (sixteen minutes after 
the second poition of cieam), there was noted a marked increase m the 
lipase concenti ation 

The ingestion of protein and a veiy small amount of fat, in the 
form of eight egg whites and one yolk boiled two minutes, was pro- 
ductive of the most striking results as yet observed All three of the 
pancreatic enzymes assumed the maximum concentrations noted m any 
of the experiments made on this subject In one hour and seventeen 
minutes after the eggs were taken, both the amylase and the protease 
had almost doubled their concentrations, whereas the lipolytic activity 
rose from 0 to 1 5 c c 

The ingestion of the starch m the form of arrowroot biscuits, which 
proved very appetizing to the patient, did not, in spite of the psychologic 
effect show any stimulation on the production of amylase and but little 
more on the protease 
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CONCLUSIONS 

Finally, it may be said that it is not our desne to draw any geneial 
conclusions from these expenments, howevei, the fact that this case 
ofteied an exceptional oppoitunity foi studies of the enzymatic activity 
of the duodenal contents, collected without the possibility of disturbed 
normal function pioduced by the presence of a duodenal tube, accounts 
foi oui leport of results that are "very suggestive 



THE ELECTROCARDIOGRAM AS AN AID IN THE 
DIAGNOSIS OF ADHESIVE PERICARDIAL 
MEDIASTINITIS * 

FRANCIS R DIEUAIDE, MD 

BALTIMORE 

Since the eaily days of the application of the string galvanometer to 
the study of the human heart, it has been known that m normal 
persons, on changing the position of the subject , 1 there is a change 
m the form of the record as secured in the three leads This is 
especially prominent in patients with caidiac disease It is best seen on 
turning the individual in the reclining position from one side to the 
other It was thought that this phenomenon might be of practical use 
m the diagnosis of adhesive pericardial mediastmitis, of which we have 
no thoroughly reliable clinical sign Normal persons and patients have 
been examined from time to time during the last three years to test 
this possibility 

The change in the form of the electrocardiogram affects all of the 
waves present to a greater or lesser degree, but is most easily seen in the 
Q-R-S group All three leads are affected, but usually only two leads 
show marked alteration, and the third may remain to casual inspection 
essentially the same Those which show conspicuous varition are 
normally Leads I and III In electrodiograms of abnormalities, other 
combinations of leads may show the prominent alterations, depending on 
the position of the electrical axis 2 For example, with so-called right 
ventricular preponderance (which might better be called predominance 
of the dextrogram), Leads I and II present the marked deviations 

The extent of the shift may be calculated mathematically in terms of 
the angle a of the electrical axis 3 For this purpose, at least two, and 
preferably three, leads must be taken synchronously, with the proper 
precautions 4 The values of the angle a are then determined for any 
selected instant in the electiocardiographic records secured in the two 
positions As far as possible, the same instant in the cardiac cycle 
should be used in comparing records taken of an individual in different 

*From the cardiographic laboratory of the Johns Hopkins Hospital and 
Universitj Medical Department 

1 Emthoven, W Lancet 1 853, 1912 

2 Carter, E P , and Dieuaide, F R Bull Johns Hopkins Hosp 32 219 
(Julv) 1921 

3 Dieuaide, F R Determination and Significance of Electrical Axis 
of Human Heart, Arch Int Med 27 558 (May) 1921 

4 Emthoven, W , Bergansius, F L , and Bijtel, J Arch f d ges Physiol 
164 167 1916 Cohn, A E Heart 9 311, 1922 
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positions or at different times It is not necessarily the case that the 
peak of R, for example, m a given lead occurs at the same instant 
tinder these circumstances, especially in electiocardiograms of diseased 
hearts Hence, the use of such a criterion may give data which should 
not be compared The best basis foi companng electrical axes is to 
take a certain instant after the earliest Q-R-S deviation in whatever lead 
that may occur 

Because of the relatively small number of cases which have been 
available for study we have not thought it desirable to attempt to fix 



Fig 1 (Case 2)— A, patient on right side, B, on left side, marked change 
in form of Leads I and III 


limits for the normal shift on changing the position of the subject, noi 
have we consistently determined the exact degree of shift in the 
pathologic cases, since the use of the mathematical detei initiation of the 
electrical axis would greatly limit the availability of the procedme 
We have, therefore, confined our intei est to the cases in which, on 
careful inspection, there is practically no change in the form of the 
electrocardiogram 

In most instances, our procedure has been to take the three leads 
with the patient lying well over on his right side, then to turn the 
patient so that he lies on his left side and repeat the process In 
many cases, respiration has such a marked effect on the form of the 
waves that a lecord of the respiratory phases should be made syn- 
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chronously This may be leadily done by means of the ordinary 
pneumograph with a tambour and le\ei set befoie the camera or by the 
spirometer method of Cohn 4 Where it was necessary, we have used the 
pneumograph Standardization of the galvanometer string should be 
carefully carried out and indicated on the record If the standardization 
is not exact in the various leads and positions, the measurements may 
be corrected by appropriate calculations 

RESLLTS 

The significant results of this study are given m Table 1, which 
includes illustrative cases with shift of the electrocai diogram with 



Fig 2 (Case 3 ) — 4 patient on nglit side, B, on left side, marked change 
in form of Leads I and III 


postmoitem examination, and all of the cases, with oi without necropsy 
in which the lecord showed practically no change Table 2 sum- 
marizes the data of all the observations 

No normal individuals in whom there was not a definite change in 
the form of the electrocardiographic record on rotation of the body have 
been encountered, although the change is sometimes not as marked as 
it is m patients with cardiac disease In a series of fifty observations on 
patients with heart disease, four instances m which the record showed 
practicalh no shift weie seen, and seven m which theie was only a very 
slight shift Thirty-three patients, including all those whose electro- 
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Table 1—Data of IllusUativc Cases with Shift of the Elect! ocauhogi am on 
Change of Position and AH Cases zvith Insignificant Shift 




T\ pe of 

Clinical Sign® 
of “Adhesne 

1 lectio 


Case Age 

Heart Disease 

Pericarditis" 

cardiogram 

Xeciopsy 

l 

30 

Rheumatic 

Ape\ lived, sj®tohc 
apical retraction 

M irked shift 

Pericaidium, no lesion, medi 
astinum, no lesion, weight 
of heart, 740 gm 

2 

4S 

Sclerotic coro- 
nary occlusion 

Apev lived 

Marked shift 
Figure 1 

Pericardium no lesion modi 
astinum, no lesion, weight 
of henrt, 520 gm 

s 

3“ 

Hjpertensive 
(septicemia 
Streptococcus 
hemolj ticus) 

Apev fived 

Marked shift 

riguic 2 

Fpicardium and pcncnrdium 
densely adherent, mediasti- 
num, no lesion, weight of 
heart and pericardium, 1,240 
gm 

4 

10 

Rheumatic 

Apev fived, sv®tohe 
apical reti action 

Marked shift 
Figure 3 

Pericardium, no lesion, medi- 
astinum, no lesion, weight 
of heart, GOO gm 

5 

3S 

Si plulitie 

(1) (Pcneardial rub) 

(2) Apev fived, 
Broadbent’s sign 

(1) Slight shift 

(2) No shift, 
Figure 4 

Fpicardium and penenrdium 
den®elj adherent, many ad- 
hesions between medf is 
tinum and pericardium 
weight of heart, DSO gm 

a 

21 

Rheumatic 

(Pericardial rub), 
apev fived 

No shift 
Figure 0 

Pericnrdial envitj obliterated, 
dense pleuropericardial ad 
hesions, weight of hon it, 
1,050 gm 

7 

21 

Rheumatic 

(Pcneardial rub), 
apev fived, svstohe 
apical letraction 

Slight shift 
Figmc G 

Poiicnrdinl cavity obliterated, 
delicate pleuropericardial 

adhesions, weight of heart, 
S00 gm 

b 

SO 

Si plulitie 

Apev fived, systolic 
apical retraction, 
diastolic shock 

Slight shift 

Moderate adhesions between 
cpieardlum and pericnr 
dium, mnnj plcuropencai 
dial adhesions, weight of 
henrt, S50 gm 

9 

43 

Nephritic 

(Pericardial rub) , 
apev fived, «jstohc 
apical retraction 

No shift 


to 

22 

Rheum itic 

Apev fived, svstollc 
apical retraction, 
Brondbent’s sign 

Slight shift. 


11 

1G 

Rheumatic 

Apev fived, Biond- 
bent’s sign 

Slight shift 


12 

23 

Sv plulitie, 
tuberculous 

Apev fived 

Slight shift 


13 

22 

’1 uberculous 

(Pericardial rub), 
apev fived, dias- 
tolic shock 

Slight shift 


14 

35 

Rheumatic 

Apev fived , (pen 
cardial rubt) 

Slight shift 


11 

44 

Rheumatic 7 

(1) (Pericardial rub) (1) Marked shift 

(2) Apev fived, ®>s- (2) No shift 
tolic apical retraction 



(1) 1 lrlj admission (2) 1 i=t admission 


Table 2 — Suiiuuaiy of Results 


9 otal obsen ations 50 

Cases with signs of ‘‘adherent pericardium” 33 

Xo shift of electrocardiogram (all with clinical signs) j 

Ncciopsles o 

(Both ‘•honing dense adhesions of pericardial cavity and mediastinum) 

Very slight shift of electrocardiogram (all with clinical signs) 7 

Necropsies ? 

(Both with modei ate involvement of pericaidium and mediastirum) 

Mai Led shift, of eloctrocardiogiam (all with clinical signs) n 

Necropsies s 

(None with combined periciudial and mediastinal lesion®) 
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cardiogram did not change significantly, had some indication of signs 
which are frequently associated with “adherent peiicardmm ” Twelve 
patients came to necropsy, including eight with signs suggestive of the 
lesion and, among these eight, four patients whose electrical axis 
remained relatively constant All four of these individuals with fixed 
electrical axes had important lesions of the pericardium and of the 
mediastinum which were present m none of the other patients on whom 
postmortem examinations were done 

In Case 3, although the pericardial cavity was practically obliterated, 
there were no lesions of the mediastinum In Case 4, there weie a 



Fig 3 (Case 4) — A, patient on right side, B, on left side, marked change 
in Leads I and II 


few delicate adhesions between the mediastinum and the peri- 
cardium, but none within the pericardium The records of both these 
patients changed markedly with the rotation of the individuals In 
Cases 7 and 8, the lesions of the mediastinum were not marked, and 
the electrocardiograms shifted slightly 

It is noteworthy that the series includes several patients with 
marked enlargement of the heart (in one case the heart weighed 
860 gm ), -whose records showed the usual shift (Figs 1, 2 and 3) 
Of especial interest, at least potentially, is the case of the patient 
(Case 15) who when first seen had an attack of acute pericarditis, at 
which time the electrocardiogiam changed with the change in position 
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Two months later, there were suggestive clinical signs of adhesive peu- 
cardial mediastimtis, and the record remained constant This patient is 
still under observation 

COMMENT 

Of the difficulty of making the diagnosis of adhesive pericardial 
mediastimtis, little need be said It has long been recognized that 
adhesions between the two pericatdial layeis, although they may lead 



Fig 4 (Case 5 ) —A, patient on right side, B, on left side, no change with 
shift in position 


to embarrassment of the heart, can hardly he diagnosed clinically On 
the other hand, mediastimtis, perhaps as a rule, does not imolve the 
heart at all Therefore, the condition which we may hope to diagnose 
clinically, and which is of great importance from the cardiac standpoint, 
is a combination of chronic adhesive pericarditis, pioperly speaking, 
and mediastimtis This may be termed chronic adhesive pericaidial 
mediastimtis It is to this condition that the sign here leported, if it is. 
confirmed, has reference 



368 


ARCHIVES OF INTERNAL MEDICINE 


The noimal change in the electrocardiogi am is, of course, undoubt- 
edly due to movement of the heart and the consequent bringing into 
the record of potential differences m planes which are not recorded in 
the usual position That it is not due entirely to lateial movement is 
shown by the fact that it may occur when the apex is fixed, and also 
by the fact that changes in the position of the heait produced b) 
pneumothorax or pleural effusion have only a small influence on the 
form of the record (It is to be remembered that the effect in the cases 



Fig 5 (Case 6) — A, patient on right side, B, on left side, no change with 
shift m position 


of true dextrocardia is due to reversal of the chambers of the heait, 
together with the branches of the bundle of His ) The change is, there- 
fore, due to rotation of the heait about a longitudinal axis It might 
be expected to disappear when the heart is fixed, since there can then 
be no change in the relation of the plane from which the potential 
differences are recoided and the ultimate leading off points, which are, 
of course, not the extremities 

In some instances, the interpretation of the records secured is 
difficult This is not mfiequenth the case in the piesence of auricular 
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fibi illation, owing to mtunsic variation in the amplitude of all of the 
waves Figuie 3 shows, howevei that the shift may be leadtly seen 
in some cases In the absence of auticular fibi illation, the same 
phenomenon maj laiely cause difficulty In one case, we have obtained 
within a short time of each othei lecoids showing a model ate change 
and practical fixation of the elect! ical axis No satisfactoiy expla- 
nation can be ofteied for this, although, on the basis of the clinical 
evidence, the impiession is that fixation of the heait is m piogiess 



Fig 6 (Case 7) — A, patient on right side, B, oh left side, slight change 
with shift m position 

The evidence available does not wan ant an attempt to estimate 
paitial fixation of the heart, not should this be done without suitable 
anatomic control 

Theoretically, the phenomenon reported may be expected to occur 
The number of cases available for complete study has been small and 
is, perhaps, not conclusive evidence It is significant, however, that 
failure of the electrocai diogram to change with the shift m the position 
of the subject is unusual and apparently of no gieatei frequency than 
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fixation of the heart as a postmortem finding It is hoped that evidence 
may be accumulated, and it is suggested that patients with acute peri- 
carditis who may later develop the chronic lesions, as well as those 
suspected of having chronic adhesive pericardial mediastimtis, be studied 
in the mannei described 

SUMM 4.RV 

1 Normally theie is a change in the form and amplitude of the 
electrocardiographic waves on shifting the subject from the right to the 
left side This phenomenon is marked m most patients with heart 
disease It is due to lotation of the heait 

2 It is shown that cardiac enlaigement does not prevent the usual 
change 

3 Clinically, we may only hope to diagnose instances of “adherent 
pericardium” in which both the pericardial cavity and the mediastinum 
are involved by adhesions 

4 A small series of patients is reported who showed no significant 
change in their electiocardiographic lecord with a shift m position All 
of these who came to necropsy weie found to have important lesions 
involving both the pericardium and the mediastinum Of a larger 
series of patients with clinical signs of “adherent pericardium,” whose 
records showed a marked change, none were found to have lesions 
both of the pencaidium and of the mediastinum 

5 It is suggested that fixation of the electrical axis, determined by 
this means, may serve as objective evidence of this lesion 



THE RESPIRATORY GAS PERCENTAGES DURING 
NITROUS OXID ANESTHESIA IN DOGS > 


CHARLES W GREENE, PhD 

AND 

HIRAM M CURREY, AM 

COLUMBIA, MO 

The practical induction of nitrous o\id-ox}gen anesthesia by the 
methods now universally practiced still leaves undetermined the question 
of adequacy of the supply of ox) gen to the patient 

The question as to availability of oxygen is rendered the more impor- 
tant b} recent work which tends to establish the minimum requirements 
of ox\ gen in respiratory airs for efficiency m the normal individual 
The experimental data of the United States Army School of Aviation 
Medicine prove that a normal man cannot long retain consciousness 
unless he breathes air of at least 6 per cent oxjgen 1 In the tests, it 
is assumed that the mdn idual is exerting a minimum of muscular activit} 
He is not far from the normal basal metabolic level By the least addi- 
tional work, as b) any sudden muscular acts, he quickl} consumes the 
ox} gen below the le\ el necessary to retain consciousness For less 
resistant individuals, either noimal or pathologic, a greater percentage of 
ox} gen must be supplied This critical ox} gen level in the Air Service 
tests is not far different from that of the ox}gen percentages m nitrous 
oxid-ox\gen mixtures during practical anesthesia 

Working with dogs, we have undertaken to study the percentage of 
the gas mixtures which these animals must breathe to induce a surgical 
stage of anesthesia, namely, complete muscular relaxation and the 
regular respirations and circulatory conditions characteristic of an even 
stage of anesthesia 

REVIEW OF LITERATURE 

Not much has been done m the analysis of the respiratory gases 
during prolonged nitrous oxid-ox}gen anesthesia Kemp, 2 m 1896, 


*From the department of physiology and pharmacology, University of 
Missouri School of Medicine 

* The data of this paper were presented in a thesis by the junior author 
m partial fulfilment of the requirements for the degree of Master of Arts m 
the University of Missouri 

+ We are indebted to the Committee on Therapeutic Research of the 
American Medical Association for aid m the purchase of necessary apparatus 

1 The literature on anoxemia is listed by Schneider, E C, and Truesdell, 
Dorothy Am J Physiol 55 223 (March) 1921, and by Greene, C W, and 
Gilbert, N C Am J Physiol 60 155 (March) 1922 

2 Kemp, G T Nitrous Oxid Anesthesia, Brit M J 2 1480, 1897 
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supplied his experimental dogs with nitrous oxid and air, the percentages 
not given, and made five experiments with 10, 6 1, 6 5 and 115 per 
cent oxygen m the mixtures breathed It is not clear from his data what 
stage of anesthesia was leached, especially in the experiments with the 
higher percentages of oxygen with nitrous oxid 

Cullen, Austin, Koi nblum and Robinson 3 published the results of 
two experiments in which they state that “it was found impossible to 
secure anesthesia in the dog without using 95 per cent or more of 
mtious oxid This inevitably led to marked anoxemia” These obser- 
vations were made in their study of the initial acidosis in anesthesia 
They used puie oxygen, 5 paits, with nitrous oxid, 95 parts They also 
tested anoxemia by adnunistenng nitrogen followed by a mixtuie of 
95 [arts mtiogen and 5 parts oxygen 

Leake and Hertzman, 4 m studies on blood reaction in ethylene and 
nitrous oxid anesthesia, admimsteied nitrous oxid and oxygen to dogs 
using 85, 90 and 95 per cent by volume of nitrous oxid with pure 
oxygen m their inhalant mixtures They state “Under mtious oxid 
and oxygen, it is impossible to obtain true anesthesia without some 
degree of anoxemia ” 

EXPERIMENTAL METHODS 

In the present experiments, normal dogs were anesthetized through 
a face mask They were given pure nitrous oxid for a certain numbei 
of respirations m order to remove the excess of pulmonary and tissue 
nitrogen, then switched to a predetermined mixture of nitrous oxid and 
oxygen The mixture was conducted to the face mask through one-way 
flutter vahes The mixing was obtained in a large gasometer, and by 
a McKesson nitrous oxid-oxygen apparatus The exhalant tube was so 
controlled as to discharge into a rebreather, into outside air, or into 
a Tissot apparatus, thus enabling one to examine the exhaled as well 
as the inhaled gases 

Dogs vary in their susceptibility to nitrous oxid in oxygen mixtures 
Broadly speaking, by this technic it requires a reduction to 6 and some- 
times to 5 per cent of oxygen in the inhaled gas to induce and maintain 
anesthesia Very slight vaiiations from the necessary concentration for 
the particular animal would either induce light anesthesia or stop 
respirations, according to the direction of the change m mixture The 
narrow working margin was always a surpnse 

3 Cullen, G E , Austin, J H , Kornblum, K , and Robinson, H W The 
Initial Acidosis m Anesthesia, J Biol Chem 56 679 (June) 1923 

4 Leake C IX, and Hertzman, A B Blood Reaction m Ethylene and 
Nitrous Oxid Anesthesia, J A M A 82 1162 (April 12) 1924 
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Gas samples were taken from this apparatus thiough thiee channels 
( 1 ) from the inhalant tube between the McKesson mixei and the 
respiratoiy valves , ( 2 ) fiom the exhalant tube outside the valve system , 
( 3 ) in a certain number of experiments, deep alveolar gas samples 
Aveie taken From analyses of the fiist, the accuiac) of the mixture 
inhaled was confirmed, and fiom the other samples the vanous data 
as to respiratoiy oxygen availability and carbon dioxid output were 
obtained 

GAS ANAIASIS METHODS 

The Haldane an analysis apparatus was used foi gas anal} sis, the 
principal steps m the analysis being, first, the absorption of caibon 
dioxid by caustic potash, second, the absoiption of 0 x 3 gen b) an 
alkaline pyrogallate solution, and third, the estimation of nitious oxid 
by difference The method of analysis is applicable to nitrous oxid- 
oxygen-carbon dioxid mixtuies without nitiogen, or with knovn 
nitrogen In this series, the samples weie taken only after the lespira- 
tion had proceeded to a point where it could be safely assumed that all 
the nitrogen or at least all but mere traces had been remoied 

Nitrous oxid, like carbon dioxid, is extraordinarily soluble 5 Ivuneith 
has shown that nitrous oxid is soluble in water to as much as 44 9 per 
cent by volume at 36 C It is spai ingly soluble in saturated potassium 
hydrate solutions and 111 saturated potassium hydrate-pyi ogallate solu- 
tions However, the ph>sical solubility of the gas must be taken into 
account 111 determining the total nitious oxid in a gas sample by this 
method 

Solubility cunes were run on the appaiatus used and on mixtures 
containing known quantities of nitrous oxid and oxygen From these, 
a correction factor was obtained for the approximate mixtuies found 
in actual analyses The percentage of error by this technic is large for 
physical purposes, but it is insignificant in view of the main question 
at issue 

EXPERIMENTAL RESULTS 

Over fifty experimental gas analyses were made in order to 
determine the range of oxygen-nitrous oxid mixtures, during effectne 
anesthesia In the dog, it is difficult to identify comparable states of 
anesthesia Deep anesthesia is characterized by complete musculai 
relaxation However, loss of voluntary motion occurs much eailier, 
but muscular clonic contractions may occur up to the onset of deep 

5 Kunerth, William The Solubility of Carbon Dioxid and Nitrous Oxid 
m Certain Solvents, Physical Review 19 512, 1922 
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anesthesia Dogs will give uncoordinated localization at a concen- 
tration of nitrous oxid within 1 per cent of an effective anesthetic 
mixture For example, an animal m surgical anesthesia at 6 pei cent 
oxygen and 94 per cent nitrous oxid will soon recover sufficiently 
from this stage to give uncoordinated vocalization when the percentage 
of oxygen is raised to 7 with 93 per cent nitrous oxid During 
experiments, the respiratory movements were recorded by the Sargents 
belt stethograph The character of the respiratoiy tracing furnished 
a very good supplementary index of the stage of anesthesia 

The experiments are set forth in groups, depending somewhat on 
the development of technic duiing the work 


Table 1 — Analysis of Initial Mixtuic and Residual Gas in Apparatus Aftci 

Complete Relaxation 


Initial Rebreithei Mix tme At 1 stnblishmentof Anesthesia 






' 

A 

Aitrous 

C irbon 

t 

K 

Aitrous 

Carbon 

Experi- 



'1 emper 

Oxygen 

Oxid, 

Dioxid, 

Oxj gen, 

Oxid, 

Dioxid 

ment 

Date 

Dog 

iture 

per Cent 

pei Cent 

per Cent 

per Cent 

per Cent 

per Cent 

1 

1/31 

1 

24 

12 31 

S7 67 

0 02 

33 

95 37 

0 213 

2 

2/ 2 

1 

24 

9 82 

91 OS 

01 

2 2S 

93 4 

0 45S 

3 

2/ 2 

2 

24 

11 75 

87 97 

0 25 

2 17 

93 G4 

0 219 

4 

2/ 7 

l 

25 

11 64 

SS 36 

0 

2 91 

97 OS 

0 

6 

2/ 7 

2 

2") 

3 29 

96 7 

0 

311 

96 89 

0 

7 

2/ 7 

2 

25 

4 67 

97 33 

0 07 

396 

96 01 

0 03 

9 

21 9 

1 

26 

4 SI 

9517 

0 02 

4 S4 

9516 

0 01 


Aitrous oxidoxjgen mixtures neie gnen from a rebreather in which the first few exhala 
tions weie wasted to the exterior, then the sjstem closed The gas samples at the close of 
the experiment Mere taken from the exhalant tube before carbon dioxid absorption, in Experi 
ments 1 to 3 from the inhalant tube just outside the xalves, in Experiments 4 to 9, hence 
these represent the composition of the gases inhaled and exhaled at the moment anesthesia Mas 
established 


In Group 1, a large volume of an initial mixture assumed to be ade- 
quate for anesthesia was rebreathed by the animal until anesthesia was 
induced Analyses of the initial mixture and of the lesidual gas in the 
apparatus after complete relaxation are presented 

In Group 2 the animal also lebreathed a mixture by the 
closed circuit method But the animal was given a coriesponding pre- 
liminary gas-oxygen mixture from the McKesson apparatus for a suf- 
ficient time to remove the nitrogen from the lungs and system It was 
then switched to the rebreather filled by the same mixture but checked 
by analysis The terminal gases were also analyzed, in this group The 
advantage of the method consists in the fact that the oxygen was pro- 
gressively but slowly i educed in the mixture, thus enabling one to judge 
more accurateh the partial percentages of nitrous oxid at the different 
stages of anesthesia as between light, medium and deep 



GREEN E-CURREY— RESPIRATORY GAS PERCENTAGES 375 


Table 2— Second Gtoup Given Preliminary Gas-Oxygen Mixture from 

McKesson Apparatus 


Initial Rebreather At rstnbllshment of 

Mixture Anesthesia 

. . > 


Ex 



Tem- 

r 

Nitrous 

Carbon 


Nitrous 

Carbon 


pen- 



pera- 

Oxygen, 

Oxid, 

Dioxid, 

Oxjgen, 

Oxid, 

Dioxid, 


ment 

Date 

Dog 

ture 

per Cent 

pcrCent perCent percent 

per Cent 

per Cent 


10 

2/ 9 

1 

24 



— 

0 

3 65 

96 35 

0 

Deep 

11 

2/14 

2 

24 

4 77 

93 23 

0 

3 77 

96 23 

0 

Medium 

12 

2/14 

2 

24 

7 87 

9213 

— 

3 82 

96 IS 

— 

Medium 

13 

2/15 

2 

24 

7 61 

92 39 

oos 

4 19 

93 79 

0 

Light 

14 

2/15 

2 

25 



— 

0 

4 19 

93 79 

0 

Medium 

15 

2/16 

o 

25 

4 92 

95 OS 

0 

3 88 

9612 

0 

Deep 

17 

2/23 

o 

23 

7G2 

92 33 

0 03 

3 62 

96 38 

0 025 

Light (?) 

18 

2/23 

2 

24 

4 64 

93 30 

— 

38 

96 2 

0 

Light (?) 

19 

2/28 

3 

24 

4 25 

93 7 3 

— 

4 24 

95 73 

0 013 

Medium 

20 

2/28 

3 

24 

5 5 

94 48 

0 

4 04 

95% 

0 


22 

3/ 2 

3 

24 

4 75 

93 25 

0 

4 15 

93 85 

0 

Medium 


Nitrous oxid oxygen mixtures were ghen from a closed rebreather This set differs from 
Group 1, Table 1, in the thoroughness of the preliminarj washing out of nitrogen from the 
lungs and tissues bj gas mixtures from a McKesson apparatus before connecting with the 
rebreather mixture 


Group 3 received nitrous oxid-oxygen directly from the McKesson 
apparatus, wasting the exhaled gases into the external air, with samples 
into a Tissot apparatus during the anesthesia stages desired This 
technic closel) imitates the practical methods of gas administration m 
that the gas mixture can be varied instantly, or the animal can be held foi 
long periods at a definite and constant stage of anesthesia Respired 
mixtures were sampled from the inhalant and exhalant tubes outside the 
controlling valves 


Table 3 — Third Group in Winch Gas Mixtures Were Supplied Directly from 

McKesson Apparatus 


Inhaled G ises 1 xlialcd Gase= 

* __ > 


Ex 



Tem- 


Nitrous 

Carbon 


Nitrous 

Carbon 

peri 
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Oxjgen, 

Oxid, 

Dioxid, 

Oxjgen, 

Oxid, 

Dioxid, 

ment 

Date 
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perCent 

perCent 
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per Cent 

23 

3/ 7 

3 

25 

21 23 

79 73 

0 02 







24 

3/ 7 

1 

24 

5 71 

94 29 

0 

— 





25 

3/ 9 

4 

23 

2 37 
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013 







26 

3/ 9 

4 

23 

3 

97 

0 






27 

3/14 

4 

23 

6 86 

9314 
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28 

3/14 

3 

26 

5 63 

94 37 

— 

— 





29 

3/16 

4 

23 

7 48 

92 34 

0 18 

5 93 
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1 49 

30 

3/16 

3 

23 
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93 4G 

— 

5 43 
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1 82 

31 

3/21 

3 

20 
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03 2 

0 08 

5 21 

93 44 

1 45 

32 

3/23 

4 

23 

5 09 

94 91 

0 

4 38 

93 6 

2 0 2 

33 

3/28 

3 

24 

6 74 

93 20 
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35 
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36b 

4/ 4 

3 

23 

3 54 

96 46 

0 





37 

4/ 6 

4 

23 

10 75 

85 25 

012 

8 47 

89 37 

2 16 

39 

5/ 2 

3 

24 

7 85 

9215 

OOS 

0 21 

91 G3 

1 86 

40 
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3 

23 
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1 44 

42 
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3 

26 
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0 

29 
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1 77 

43 
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3 

23 

96 

91 4 
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44 
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4 

22 
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0 

11 OS 

83 44 
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43 

5/ 9 

5 

23 

764 
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46 

5/ 9 

5 

24 

3 57 

96 43 

0 
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Light 

Light 

Light 

Light 

Light 

Medium 

Light 

Light 

Very light 

Light 

Medium 

Light 


Light 

Deep 

Light 

Very light ? 
Light 


Samples of inhalant and exhalant 
corresponding v lives at the stage when 


gases were simultaneous^ drawn from outside the 
inesthesia was eon«t int 
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In Group 4, chlorbutanol was administered to keep the animal quiet 
on a chlorbutanol metabolism level The relation of the inhaled and 
exhaled gases is shown But this series was done primarily to coopeiate 
with simultaneous blood gas studies 

In these series, the records of respiratoiy movements were invaluable 
as a supplement to direct observations of the animal itself In the 
first series, the analytic samples weie taken during the more piofound 
stages of anesthesia The percentage of oxygen, at this tune, was 
unexpectedly low, between 2 17 and 4 84 per cent The nitrous txid 
averaged, theiefore, about 95 pei cent m these mixtures Compared 
with man, the dog is known to be much more resistant to low oxygen 
In a long series of experiments on anoxemia, Greene and Gilbert 1 have 
shown that dogs do not cease breathing until the amount of oxygen 
available m the air they breathe is reduced to between 3 and 4 per cent 
They report one experiment with as low as 1 96 per cent of alveolar 

Tvble 4 — Font th Group m Which Chlo) butanol Was Administered 


Inhaled Gases Exhaled Gases 
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6 

22 
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0 

19 
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49 
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G 

24 
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0 

77 
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0 97 

50 
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7 

20 

17 29 
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0 

1151 

83 09 

5 4 

51 

5/1S 

7 

23 
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0 

4 51 

9179 

3 74 

52 

5/18 

7 

24 

17 75 

S2 25 

0 

14 32 

84 38 

4 12 

53 

5/IS 

7 

24 

S 83 

91 17 

016 

588 
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3 25 


These data were obtained from ehloretonized dogs manipulated ns in Group 2, except that 
rebreather records were taken to determine the rate of oxjgen consumption Simultaneous 
inhalint and exhalant gases (before carbon dio\id absorption! are presented 

ox\ gen at the moment lespirations stopped The present nitrous oxid- 
ox}gen series approaches in concentration of nitions oxid that observed 
for nitiogen anoxemia m their experiments 

When the inhaled gas from a rebreather is analyzed at the earliest 
identifiable surgical anesthesia stage, the values for oxygen have been 
from 4 9 to a minimum of 3 6 per cent, figures somewhat highei than 
in the first series 

In Group 3, consisting of twenty-one experiments, the nitrous oxid- 
oxvgen mixture was supplied directly from the mechanical mixing valves 
of the McKesson apparatus Samples of both inhalant and exhalant 
mixtures were analyzed, and attempts were made to secure a variety of 
experimental stages from very light to deep anesthesia The stages 
were judged in a large degree by the response to sensory stimulation, 
bv the degree of muscular relaxation, and by the amount of reflex oi 
v oluntarv control In the dog, the eye reflexes are of comparatively 
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little value in detei mining stages of mtious oxid naicosis since die 
eye reflex is letained even m the deepest stages of anesthesia 

In the lightest anesthesias, for example, Expenments 34, 37 and 40, 
the exhaled gas contained from 8 01 to 9 41 pei cent oxygen, an amount 
considerably above the inhaled percentages of oxygen during very deep 
anesthesias These wei e not l elaxed enough to be sui gically satisf actoi y 
It is questionable whether they should be classified as true anesthesias 
Experiment 44 was even moie questionable In our senes, very deep 
anesthesia was induced only by an inhalant gas mixtuie of less than 
5 per cent by volume of oxygen 

Attempts were made to secure samples of lespnatoiy gases fiom an 
animal at successive stages during one experimental gassing The 
results may be seen m Experiment 45, for light anesthesia, and Experi- 
ment 46, for very deep anesthesia These two experiments illustrate the 
fact that the inhalant mixture, for light anesthesia, must contain not 
more than 7 6 per cent by volume of oxygen, and, foi deep anesthesia, 
as little as 3 49 per cent by volume The coi responding exhaled gases 
contained 5 19 and 2 58 per cent by volume This particulai dog was 
somewhat less lesistant to low oxygen than many obseived, yet the 
outstanding facts indicate that in him nitrous oxid-oxygen anesthesia 
of the surgical stage can be successfully appioached onl) by appioxi- 
mately from 94 to 96 per cent by rolume of nitrous oxid in the inhaled 
mixture Such experiments lend suppoit to the assertion of Dr 
McKesson in his chairman’s address before the American Association 
of Anesthetists at San Francisco, June 6, 1923, that nitrous oxid senes 
its pnmaiy function as a diluent of oxygen dui mg the induction of 
nitrous oxid-oxygen anesthesia So low a percentage of oxygen in 
inhaled airs inevitably induces a degree of anoxemia 

Throughout the progress of these expenments on dogs, there weie 
general facts of outstanding import which occmied ovei and over again 
Most important of all was the quick lesponse of the animal to the 
slightest variations m the percentage mixture of mtious oxid and oxygen 
from the anesthesia mixture If the proportion of mtious oxid was 
i educed only 1, or at most 2, per cent, dogs would recover within a 
few minutes, if mci eased, lespirations would quickly slow down and 
stop If respirations ceased, howevei, a single aitificial respiration of 
pure air would usually suffice to restore the animal to noimal bieathmg 
In other series of experiments m which blood piessure was measmed 
during nitrous oxid anesthesia, it was determined that the cu dilation 
was strong and vigoious at the time lespnations ceased, a fact which 
coincides with the condition of the circulation m extieme anoxemia 
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SUMMARY 

1 Dogs, anesthetized by adequate mixtures of nitrous oxid and 
oxygen, pass through stages of analgesia, loss of reflexes and muscular 
relaxation These stages cannot be produced by nitrous oxid except m 
the presence of a proportionate reduction of oxygen, ranging from a 
maximum of 11 5 per cent down to a lower limit of 3 6 per cent by 
volume The higher oxygen percentages will not induce satisfactory 
surgical anesthesia in dogs 

2 During light and borderline anesthesia, the amount of oxygen in 
nitrous oxid-oxygen mixtures exhaled by the dog may be from 8 01 to 
9 41 per cent , but averages lower, from 4 38 to 5 93 per cent , in 
medium anesthesias, from 3 88 to 5 20 per cent by volume The lower 
figure induces profound relaxation 

3 Analyses of exhaled nitrous oxid-oxygen mixtures indicate that 
a residuum of from 3 to 4 per cent by volume of oxygen is adequate to 
support the basal physiologic processes 

4 Complete and rapid recovery from nitrous oxid-oxygen anesthesia 
takes place in the dog within from thirty seconds to three minutes from 
the time the animal begins breathing atmospheric air 

5 Dogs will stand repeated administrations of nitrous oxid-oxygen 
through a period of months with no apparent ill effects to the animal 
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Nitrous oxid was discovered by Pnestley 1 in 1774, and its anesthetic 
properties by Sir Humphrey Davy 2 in 1800 The first attempt to 
measure the amount of the gas m dog's blood during anesthesia was 
made by Jolyet and Blanche 3 m 1873, a full century after Priestley’s 
discovery Oliver and Garrett, 4 1893, were the first to analyze all the 
gases of the blood of the dog, compaimg the gas distribution befoie 
and during nitrous oxid anesthesia Unfortunately, their results are 
subject to serious question, and have not been fully confirmed In the 
meantime, thousands of nitrous oxid gas anesthesias were performed, 
and a large body of symptomatic data was developed before the deter- 
mination of the scientific physiochemical facts on which their explana- 
tion rests The delay was due m no small measure to the difficulties of 
method 

The ingenious and very woikable micro-apparatus of Van Slyke, 0 
1914, for blood gas analysis has opened anew the field of blood gas 
studies, because of its fai -reaching scientific and clinical applicability 
Van Slyke and his collaborators have already published classic contri- 
butions We have sought to apply the methods to a more detailed study 
of the facts of nitrous oxid distribution in the blood The practice of 
mixing oxygen with the nitrous oxid to prolong anesthesia, and the ever 
increasing physiology of anoxemia both emphasize the vital importance 
of the availability of oxygen dui mg gas anesthesia These aie the 
considerations which have mspiied the development of the present work 

^From the department of physiology and pharmacology, laboratoiy of 
pharmacology, University of Missouri School of Medicine 

*We are indebted to the Committee on Therapeutic Research of the 
American Medical Association for aid in the purchase of necessary apparatus 

1 Priestley, Joseph Experiments and Observations on Different Kinds 
of Air, Memoirs of Joseph Priestley to the Year 1795, 1803 

2 Davy, Humphrey Research, Chemical and Philosophical, Chiefly Con- 
cerning Nitrous Oxid, London, 1800 

3 Jolyet and Blanche Compt rend de biol , June, 1873, p 223 

4 Oliver and Garrett Lancet 2 625, 1893 

5 Van Slyke, D D J Biol Chem 30 347 (June) 1917 
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HISTORY 

The history of nitrous oxid is brought up to the time that is of most 
importance to this paper by the four recorded dates of our introductory 
paragraph To Andrews 6 of Chicago belongs the honor of adding 
oxygen to nitrous oxid to render it nonasphyxial This was an epoch 
making step It has proved to be the first practical act in refutation 
of the prevalent idea of Davy that the body could in some way split 
off and utilize the oxygen of the nitrous oxid molecule Andrews made 
no analyses but rested his practice on the clinical evidence of improve- 
ment on adding free oxygen, a step for which, as Gwathmey rightly 
states, he scarcely received adequate credit at the time 

Bert, 7 1878, also added oxygen to nitrous oxid and, in addition, 
put his patients under an increased pressure m a pneumatic chamber 
Bert used this method to confirm argument in favor of the positive 
anesthetic property of the gas From 80 to 85 per cent nitrous oxid 
with from 15 to 20 per cent oxygen under from 5 to 6 atmospheres 


Table 1 — Gases of Dog’s Blood, Pei Cent by Volume (Oliver and Ganett) 



Before Inhalation 

After Inhalation 

Oxygen 

22 

3 49 

Carbon dioxid 

34 3 

IB 66 

Nitrogen 

18 

11 23 

Nitrous oxid 


22 49 


of pressure anesthetized the patient, while the physician outside the 
chamber, with the corresponding percentages of nitrogen and oxygen of 
atmospheric air, was of course quite normal The great solubility of 
nitrous oxid in the body tissues was not known, and not emphasized as 
a possible source of displacing oxygen until Hermann 8 called attention 
to it in support of the asphyxiation theory, in 1860 

The first effective attempt to determine the amount of gases soluble 
m the blood during anesthesia was made by Oliver and Garrett, 4 m 
1893 They analyzed the blood of the dog Their analyses are so 
significant that the figures are requoted in Table 1 

It is noteworthy that these authors found 1 8 per cent by volume 
of nitrogen in normal dog’s blood, a figure that was exactly confirmed 
by the far more carefully guarded determinations of Van Slyke The 
excess of nitrogen which they found after gas inhalation was taken as 
an index of the amount of oxygen made available, following Davy’s 
theory of dissociation But it is now known that their 1 8 per cent by 


6 Andrews, E J Brit Dent Soc 22, 1869 

7 Bert, Paul Compt rend Acad d sc 2 87, 728, 1878 

8 Hermann Brit M J, 1868, p 378 
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volume before anesthesia represents the satuiation of arterial blood by 
nitrogen under the partial pressures m atmospheric air. Evidently, so 
great an amount as 11 23 per cent of nitrogen, reported by Oliver and 
Garrett after nitrous oxid inhalation, represents an impossible super- 
saturation The figures can only be interpreted as due to an error from 
some source not revealed. 

Kemp 9 restudied the gases of dogs’ blood to determine by actual 
measurements the old question of asphyxial (Hermann) versus anes- 
thetic (Davy, Beit) properties of nitrous oxid Kemp, like Bert, com- 
pared nitrous oxid-oxygen mixtures with corresponding nitrogen-oxygen 
mixtures, but he did not vary the barometric pressures as did Bert 
Kemp used the cumbrous Hemple methods, fraught with the usual 
difficulties of extracting large samples of blood His results m twelve 
expenments are briefly Nitrous oxid of the blood varied from 69 
to 33 5 per cent by volume There were only two determinations below 
20 and more than half were above 28 per cent by volume Nitrogen 
averaged 04 per cent by volume, with a maximum of 1 1 per cent 
Oxygen was found to vary between 2 9 and 17 8 per cent by volume 
If all experiments are omitted from Kemp’s table for which he records 
explanatory remarks for irregularities, it appears that the oxygen found 
falls between 7 9 and 14 2 per cent by volume He did not determine 
the oxygen capacities of his blood samples , hence, the percentage satura- 
tion cannot be calculated It is important that Kemp did not confirm 
Oliver and Garrett’s record of an excess of nitrogen in the blood in 
nitrous oxid anesthesia 

Nicloux, 10 1908, m careful analyses of blood, found from 20 to 
25 per cent by volume of nitrous oxid during anesthesia, and reported 
30 per cent by volume at the onset of death These figures are more 
constant and somewhat higher than those of Kemp 

Leake and Hertzman 11 have just published studies to determine the 
course of the p H during prolonged anesthesia They find that true 
anesthesia cannot be obtained without a degree of anoxemia There is 
at first an increase followed later by a fall m the /> H , which points 
toward an uncompensated acidosis The femoral blood contained an 
oxygen saturation of from 82 3 to 96 2 per cent by volume, a degree 
of saturation considerably higher than the averages we have found for 
deep and surgically relaxed stages of anesthesia 

9 Kemp, G T Bnt M J 2 1480, 1896 This article has an extensive 
reference list 

10 Nicloux, M Compt rend Soc de biol 1 450, 1908 

11 Leake, C D , and Hertzman, A B Blood Reaction m Ethylene and 
Nitrous Oxid Anesthesia, J A M A 82 1162 (April 12) 1924 
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METHODS OF EXPERIMENTING 

Dogs were used exclusively for the present series of tests They 
were bound or held on a specially constructed holder that conformed to 
the body when the dog was lying on the side They were anesthetized 
with nitious oxid-oxygen mixtures through a face mask The mask 
was guarded by inhalant and exhalant flutter valves The mixture was 
made through a McKesson gas-oxygen apparatus, and the gases passed 
through a fairly long inhalant tube to the face mask The exhaled 
gases were carried m a corresponding tube far enough to insure a 
uniform mixture of exhalant airs for sampling Both inhalant and 
exhalant respiratory samples were taken for analysis The respiratory 
data for a long series of preliminary tests, Experiments 1 to 30, and 
for the blood series, Experiments 31 to 53, reported here, are given 
in the preceding paper by Greene and Currey 12 

Anesthesia was begun with a definite number of inspirations, usually 
ten, of pure nitrous oxid, in the attempt to remove promptly all nitrogen 
from the alveoli of the lungs It was also hoped that this preliminary 
breathing of pure nitrous oxid would more quickly eliminate the nitrogen 
from its solution m the blood and body tissues The machine was 
then promptly set to a mixtuie of gas and oxygen assumed to be efficient 
for anesthesia in the particular animal Usually, from three to ten 
minutes were used in the preliminary stages to establish slowly an even 
and constant anesthesia 

Samples of respired gases and of bloods from the femoral artery 
and, on occasion, the vein were drawn as nearly simultaneously as 
possible The actual drawing occurred as quickly after an even anes- 
thesia was established as the vessels could be punctured The pro- 
cedure was based on the assumption that an established physical balance 
as between the partial pressures of the gases in the alveoli and their 
corresponding solutions m the blood of the pulmonary capillaries is 
represented m the arterial blood samples Due to the extraordinary 
responsiveness of dogs to very slight variations of the percentage of 
oxygen mixed with the nitrous oxid, one could not always judge with 
fine distinctions the exact intensity of anesthesia m assumed compara- 
ti\e stages In what we have called very light anesthesia, there always 
was some muscular movement, but uncoordinated, and some sensory 
reflex response We recognize that such stages might possibly be 
classified as analgesias Yet these animals, when allowed to breathe 
pure air, continue to exhibit unmistakable signs of unconsciousness 
for from ten to thirty seconds, and often much longei As a matter of 

12 Greene, C W , and Currey, H M Arch Int Med , this issue, p 371 
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fact, a more exact definition of the signs and degrees of anesthesia is 
badly needed among scientific workers m this field 

At a signal, the two gas samples and the arterial and venous blood 
samples were drawn, or the inhalant and exlialant airs and the artenal 
and venous bloods were drawn, each pair in quick succession The 
venous bloods were drawn only in a small proportion of the experiments 

The blood samples weie taken thiough Luer needles, sizes IS to 20 
Arterial punctures of the femoral are easy and sure When venous 
samples were called for, it contributed to speed and accuracy if the 
femoral vein was first exposed by a short cut thiough the skin and 
fascias made after the onset of analgesia The blood was drawn into a 
Van Slyke and Cullen sampler over sodium oxalate powder and under 
a layer of liquid petrolatum A 1 by 3 inch (2 5 by 76 cm ) specimen 
tube was found to be moie convenient than the longer tubes The 
oxalate was dissolved m the blood by gently stirring with a rotary motion 
m the tube m which the sample was drawn The analyses were made 
as quickly as possible, beginning immediately after the blood samples 
weie drawn 

The bloods were analyzed in 2 cc samples m duplicate sets in the 
Van Slyke blood gas apparatus The steps in technic are the same as 
described by Van Slyke and Stadie and slightly modified by Greene and 
Greene By this method, the oxygen is absorbed in the apparatus and 
the nitrous oxid is the residual gas , hence, it is determined by difference 
Two sources of error are possible by this procedure The hist depends 
on the extent to which the mtiogen normally in solution m the blood 
is thrown off during the time of anesthesia and before sampling the 
blood We rely on the preliminary washing out of the lungs by pure 
nitious oxid and the later substitution of pure oxygen and nitrous 
oxid to remove a constant stream of nitrogen from the blood and 
tissues, until this gas is washed out We have assumed that this process 
reduces the nitrogen residue m the blood samples to within the limits of 
error of determination of the total residues of gas No correction has, 
therefore, been made for possible residual nitrogen from this source 
If the assumption should be questioned, one must reply that the maximal 
correction would not exceed a small and unimportant fraction of the 
nitrogen factor determined by Bohr, Van Slyke and the various investi- 
gators of the blood gases m moie lecent scientific and clinical publica- 
tions The satui ation of artenal blood does not exceed a maximum of 
1 3 to 1 8 per cent by volume of nitrogen in the normal blood, but we 
believe it to be near 0 in our samples We have, therefore, discarded 
the view of Oliver and Garrett as untenable Hence, we have abandoned 
further attempt to measure the nitrous oxid directly from such small 
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total samples as are yielded from 2 c c of blood, generally between 
0 4 and 0 5 c c or less of gases 

The far more important source of deviation arises from the great 
solubility of nitrous oxid m blood The solubility m the alkaline fluids 
of the Van Slyke apparatus is much less than in water, or m blood alone 
Yet, after gas liberation under vacuum, the nitrous oxid will rapidly 
be taken up in solution if, after release of the vacuum, it is allowed to 
stand for a few seconds before leveling and reading the gas volume 
It is very necessary to trap the fluids under vacuum and to read the 
gas over mercury only The untrapped fluid can, with care, be reduced 
to a minimum of 0 1 to 0 2 c c of liquid over the mercury meniscus 
If the gas is read promptly, no appreciable resorption occurs 

Table 2 — Nitrous Oxid and Oxygen Content of Arterial Blood and Two 
Samples of Venous Blood at Diffeient Stages of Anesthesia in the Dog 
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Respuatory movements have been recorded as a means of following 
the progress of anesthesia The respiratory record furnishes a graphic 
history not only of the rate and respiratory amplitude, but also of all 
struggles, vocalizations and the like As gassing becomes effective and 
muscular relaxation and evident anesthesia begins, the respiratory move- 
ments settle into a uniform and even rhythm and amplitude We have 
come to recognize this as a most reliable index of the stage of surgical 
anesthesia 

The distribution of blood gases in nitrous oxid-oxygen anesthesia 
has been determined in twenty or more experiments Arterial blood was 
used, but both arterial and venous bloods were determined in a number 
of experiments The oxygen capacity also was measured and the per- 
centage of saturation calculated The present blood gas determinations 
were made in the same series of experiments used as a basis for report- 
ing the nitrous oxid and oxygen m the respiratory airs during different 
degrees of anesthesia induced m dogs 12 
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An examination of the data of Table 2 reveals a surprisingly high 
and constant level of partial saturation of the blood with nitrous oxid 
during anesthesia The amount of nitrous oxid gas vanes between the 
extremes of 18 9 and 26 8 per cent by volume, an average of 23 3 
per cent for Experiments 31 and 46 There is no close correspondence 
between the depth of anesthesia and the variation of nitrous oxid m the 
arterial blood within the surgical limits of very light and deep anes- 
thesias The very deepest anesthesias reported are Experiments 31 and 
32, in which the nitrous oxid percentages by volume in the bloods are well 
under the average, and m Experiments 42 and 46, which have only a 
little over the average degree of saturation of nitrous oxid The solu- 
bility of nitrous oxid m water, at 36 C , has been determined, by 
Kunerth, 13 as 449 per cent by volume at 1 atmosphere of piessure 
There is no evidence m the literature to indicate that whole blood will 
absorb any more gas than will distilled water Apparently, nitrous 
oxid goes into physical solution m blood and does not form loose 
chemical compounds, as does oxygen We have made preliminary 
determinations that indicate that whole blood takes up about 45 per cent 
by volume of nitrous oxid when saturated at 25 C The blood is there- 
fore somewhat more than half saturated at the average of 23 3 per cent 
by volume reported m the foregoing The deviations from the average 
saturation are not constant, and bear little relation to the exact degree 
of anesthesia In general, we have come to regard 20 per cent by 
volume of nitrous oxid as the minimum present when unconsciousness 
is induced m the dog We have found over 26 per cent by volume 
of nitrous oxid present in only two samples of artenal blood, m Experi- 
ment 33 with 26 6 per cent , and in Experiment 41 with 26 8 per cent 
by volume 

In sharp contrast with the nitrous oxid, we have found that the 
arterial oxygen present vanes through a wide range The table reveals 
arterial oxygen present all the way from 2 1 to 18 8 per cent by volume 
The first was in a relaxed animal with slower, shallow respirations which 
were near the point of stopping If we were to draw analogies from 
the studies on anoxemia by Greene and Gilbert, 14 we should have to 
assume that the respiratory center was weakening from lack of oxygen 
The higher oxygen volumes are all from the blood of animals m light 
anesthesia, indeed very light from the surgical point of view The 
three dogs on which repeated experiments were made during the months 
of March, April and May yielded bloods of high oxygen capacity, 

13 Kunerth, William Physical Review 19 512, 1922 

14 Greene, C NI , and Gilbert, N C Responses of Circulation to Low 
Oxygen Tension, Arch Int Med 27 517 (May) 1921 , Am J Physiol 60 155 
(March) 1922 
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varying between 22 3 in Dog 5 and 30 9 per cent by volume in Dog 4 
The oxygen capacity of the arterial blood also varied day by day, due to 
the irregular time of the experiment with reference to feed, drink, etc 
Dog 3, a young and growing Airedale, apparently made a steady increase 
of hemoglobin from the low oxygen capacity level of 18 9 per cent by 
volume, March 21, to a maximum of 27 per cent by volume, May 4 

The absolute amount of oxygen found must be checked against the 
blood capacity m determining the availability of oxygen to the tissues 
In fact, the capacity factor also conditions the total amount of oxygen 
absorbed at the lungs It is now well known that dogs survive when 
breathing an air of a much lower partial pressure of oxygen than can 
be endured by man 15 The higher hemoglobin content of dog’s blood 
enables the blood to take up a correspondingly greater amount of oxygen 
at its lower partial pressure The same physical and chemical factors 
control oxygen absorption from the nitrous oxid-oxygen mixtures 
However, in the tissues, the excess of nitrous oxid may prevent oxygen 
utilization The high nitrous oxid solubility in the blood and m the 
tissues is believed to be a factor influencing the rate of diffusion and 
therefore the time-quantity availability of oxygen It is an attractive 
h) pothesis to assume that nitrous oxid lowers the amount of oxygen 
fixed by hemoglobin at any particular partial pressure of oxygen in 
a manner comparable to that shown by Barcroft and Camis 15 for 
carbon dioxid But this hypothesis has no experimental basis as yet 
This question and the solubility of nitrous oxid m the tissues are both 
under investigation 

There are many factors that contribute to variations m the ratios of 
oxygen and nitrous oxid gases in the blood, and m the blood in com- 
parison with the inhaled mixture The chief of these are the volume 
per minute of the gases breathed and the volume pei minute of the 
circulation of the blood When the circulation is sluggish, an average 
stage of medium anesthesia can be attained with a gas mixture containing 
a higher percentage of oxygen The low respiratory minute volume 
operates m the same direction When these two fall together, the 
observed percentage of oxygen m the anesthetic mixture is highest of 
all observed The converse is, of course, true 

As an illustration, it happens that Experiment 31 yielded the lowest 
nitrous oxid content, and Experiment 41 the highest nitrous oxid content 
of the arterial series The first was anesthesia approaching in depth 
the stage m which respirations cease The second was a good, quiet, 
relaxed state but far from the danger line In these two tests on the 
same experimental animal, the analyzed percentage of inhaled nitrous 

15 Barcroft, J, and Camis, M J Physiol 39 118, 1909 
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oxid and oxygen was essentially the same It was noticed that this 
animal varied considerably m its reaction intensities during the long 
time of its use It was a young animal, and both respiratory and 
circulatory mechanisms were unusually responsive 

In Experiments 36 and 39 on the same Airedale, the nitrous oxid- 
oxygen present m the blood was fairly constant, but the partial pressure 
of the inhalant oxygen m the latter was much higher The reactions of 
the animal m the two experiments apparently varied from another angle, 
i e , in the second experiment, a reduced efficiency of oxygen absorption 
and availability The first experiment showed a percentage of oxygen 
saturation of the blood only slightly higher than the second, 53 per cent 
by volume as compared with 51 per cent by volume The oxygen 
saturations are greater than m corresponding stages of simple oxygen 
asphyxiation In fact, this percentage of oxygen with nitrogen of ordi- 
nary air would not produce unconsciousness m any normal animal 


Table 3 — A Succession of Niti ous Oxid Expcnmcnts on a Young Airedale 
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The primary deduction to be made, however, is that, m experimental 
procedures, considerable variation m the mixture of oxygen and nitrous 
oxid must be allowed to produce corresponding stages of anesthesia, 
if there is a corresponding variation m efficiency of the two great 
mechanisms of respiration and circulation This relation is reciprocal 
There also must be adjustment as between the percentage of oxygen 
m nitrous oxid mixtures made from time to time when an animal con- 
tinues m surgical anesthesia This, too, depends not so much on 
metabolism per se as on the deviations m efficiency of the circulation 
and of the respiration, because of the duration of the anesthesia For 
example, m deep, prolonged anesthesia the respiratory volume and rate 
both progressively decrease If no other factor opeiated, this would 
throw the animal into a still deeper stage of anesthesia, and would, in 
the end, endangei respiratory ihythm itself Similar conditions appar- 
ently hold with reference to the circulation, particularly when the 
amount of oxygen is on the borderline of inadequacy Under these 
circumstances, the ordinary cycle of events which occurs m extreme 
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anoxemia is initiated in nitrous oxid anesthesia The animal may go 
to the wall rapidly unless the percentage of oxygen is promptly increased 
and the animal adequately reoxygenated In these crises, it is not the 
percentage of variation of mtrous oxid m the mixture but the availability 
of oxygen at the moment m the tissues which determines the outcome 
of the crisis 

In Table 3, we have assembled eight experiments on one young 
Airedale extending over a period of seven weeks The degree of anes- 
thesia varied from very light with muscular movements present to very 
deep surgical anesthesia This table emphasizes the points we would 
stress In the first place, the concentration of nitrous oxid found in 
the blood is surprisingly uniform It does not vary directly with the 
stage of surgical anesthesia, m such slight variations as do occur Com- 
paring Experiments 41 and 42, the first, with the greater concentration 
of mtrous oxid, had the less profound anesthesia 

These experiments sharply contrast the relation of oxygen per- 
centages to the stage of anesthesia With an adequate concentration 
of nitrous oxid m the blood to induce anesthesia, the stage or depth 
of anesthesia varies directly with the amount of oxygen present It 
follows that the control of anesthesia in all gas anesthesias is by the 
control of oxygen The problem of anoxemia is always a factor How- 
ever, the amount of oxygen present m arterial blood m the lighter and 
surgical phases is somewhat higher in nitrous oxid-oxygen anesthesia 
than during oxygen want induced by diminishing the oxygen partial 
pressures m atmospheric air to a level that will not sustain consciousness 



THE BLOOD PHOSPHORUS IN CHRONIC MYELOG- 
ENOUS LEUKEMIA, ESPECIALLY AS INFLU- 
ENCED BY ROENTGEN-RAY THERAPY * 

THOMAS E BUCICMAN, M D , GENEVA A DALAND, S B 

AND 

MARGARET WELD 
Boston 

An abnormal phosphorus metabolism in leukemia has been i ecogmzed 
for over a quarter of a century, and yet very few observations are 
recorded m the literature relative to the phosphorus content of the blood 
in this type of disease Moraczewski 1 m 1898 called leukemia, rathei 
loosely, a “phosphorus and nitrogen disease” and repoited not only an 
increased urinary excretion of phosphorus and nitrogen, but also an 
abnormally high phosphorus content of the blood Though numeious 
studies since then, such as those of Musser and Edsall 2 and Knudson 
and Erdos, 8 have clearly demonstrated the excessive output of phos- 
phorus m the urine, there seems to be no report of any systematic inves- 
tigations of the blood phosphoius m chionic myelogenous leukemia 
entailing an intensive study of cases over a considerable period of time 
This is presumably due to the fact that it is but recently that relatively 
simple methods have become available for determining the blood phos- 
phorus, while those for detei mining urinary phosphorus have been 
satisfactory for some years 

The eaily investigators of the problem failed to distinguish the types 
of leukemia and consequently not even their few data can be evaluated 
satisfactorily Moreover, inasmuch as nearly all of the reported obser- 
vations regarding blood phosphorus in myelogenous leukemia have had 
to do either with the whole blood alone or with the plasma alone, it is 
still an open question whether theie exists m this disease, such as exists 
in rickets, a true disturbance of the phosphorus metabolism, or whether 
the high level of blood phosphorus is incidental to the leukocytosis 

The present study was undei taken m an attempt to determine whether 
the phosphorus content of the blood is merely a function of the leukocy- 
tosis, or whether it may not be looked on as a manifestation of some more 

* From the Medical Service of the Collis P Huntington Memorial Hospital 
of Harvard University 

* This paper is No 35 of a series of studies in metabolism from the 
Harvard Medical School and allied hospitals The expenses of this investiga- 
tion have been defrayed (m part) by a grant from the Proctor Fund of the 
Harvard Medical School for the study of chronic diseases 

1 Moraczewski, W Arch f path Anat 159 221, 1898 

2 Musser, J H, and Edsall, D L Umv Penn M Bull 18 174, 1905 

3 Knudson, A , and Erdos, T Boston M & S J 176 503 (April 5) 1917 
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nearly fundamental phase of the activity of the disease Bearing in mind 
also the beneficial influence of radium and roentgen-ray irradiation m 
myelogenous leukemia, it was hoped that by an investigation of the blood 
phosphorus changes following such irradiation some light might be 
thrown on the mechanism by which this type of therapy acts Accord- 
ingly, a study of the total and inorganic phosphorus contents of the 
whole blood, plasma and corpuscles was made m a series of nineteen 
cases of chronic myelogenous leukemia m various stages of the disease, 
before, during and after short wave length roentgen-ray treatment For 
the purpose of comparing the influence of irradiation therapy on the 
blood phosphorus m myelogenous leukemia with its influence on the 
blood phosphorus in cases showing no important degree of leukocytosis, 
five cases of carcinoma were studied also Three had carcinoma of the 
breast, one of the tongue and one of the stomach 

The means of the phosphorus values of the blood of normal per- 
sons, reported m a previous paper, 4 are submitted here and are in accord 
with the findings of other workers 

METHODS 

Blood from a vein was withdiawn under paraffin oil, 01 cc of a 
20 per cent solution of neutral potassium oxalate for each 15 cc of 
blood being used as an anticoagulant After thorough mixing, samples 
of the whole blood were withdrawn from the container for the determi- 
nations of total and inorganic phosphorus and for the estimation of the 
percentage by volume of corpuscles The remainder of the blood was 
centrifugalized for twenty minutes at eighteen hundred revolutions per 
minute, when the supernatant plasma was removed for analysis of its 
content of total and of inorganic phosphorus 

The percentage volume of corpuscles was estimated by centri- 
fugalizing for thirty minutes at two thousand revolutions per minute, 
about 1 c c of whole blood in a carefully calibrated, graduated tube 
about 5 mm m diameter, and then reading the fraction of the total 
volume of blood made up by the corpuscles Also, in each case an 
approximate estimation was made of the fraction of the total volume 
of corpuscles made up by the white cells and blood platelets 

The total phosphorus in the whole blood and plasma was deter- 
mined by the method of Bloor 5 and the inorganic phosphorus by the 
method of Bell and Doisy 6 Having determined the total and inorganic 
phosphorus contents of the whole blood and plasma and the percentage 

4 Buckman, T E , Minot, G R , Daland, Geneva, and Weld, M 
Blood Phosphorus Its Relation to Cancer and Anemia, Arch Int Med 
34 181 (Aug) 1924 

5 Bloor, W R J Biol Chem 36 33 (Oct) 1918 

6 Bell, R D , and Doisy, E A J Biol Chem 44 55 (Oct ) 1920 
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volume of cells, the phorphorus contents of the cells were calculated 
from these data The phosphorus determinations are recorded as 
milligrams of 01 thophosphonc acid, H 3 P0 4 , per hundred cubic centi- 
meters of whole blood, plasma or cells 

The hemoglobin peicentage was detei mined by means of a 
standardized Sahli instrument and the values given are expressed m 
terms of the Haldane scale (18 5 per cent by volume of oxygen com- 
bining capacity per hundred per cent hemoglobin) Enumeration of the 
numbers of corpuscles per cubic millimeters of blood and the differen- 


Table 1 — Blood Phosphotus in Normal Peisons and in Nonuiadiated oi 
Not Recently Inadtated Cases of Chiomc Myelogenous Leukemia 
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* Treated by irradiation, but at a time sufficiently remote trom the present observations 
(i e , trvo months or more) to preclude the influence of such treatment, per se, on the 
phosphorus metabolism 


tial counts of at least 200 white corpuscles in each instance were made 
m the usual manner All myeloid white cells less matuie than meta- 
myelocytes were classified together as “immature white cells ” 


OBSERVATIONS 

1 The Findings m N onu t adiated and Not Recently Ii radiated 
Cases of Chronic Myelogenous Leukemia — In Table 1 are recorded 
the results obtained m nineteen cases of chronic myelogenous leukemia 
Those designated by an asterisk had received irradiation treatment, 
but at a time sufficiently i emote (over two months) from these obser- 
vations to preclude any influence of irradiation, per se, on the phos- 
phorus metabolism The other cases had received no irradiation 
treatment 
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It is evident from inspection of this table that although the levels 
of total and inorganic phosphorus m the whole blood in the cases of 
leukemia are generally very much elevated above the mean normal 
values, the plasma shows no such increase in its content of phosphorus 
The mean values for total and inorganic phosphorus m the whole blood 
of the cases of leukemia are 169 8 mg and 19 2 mg per hundred cubic 
centimeters of blood, respectively, as contrasted with the mean normal 
values of 119 3 mg and 110 mg On the other hand, the mean values 
for total and inorganic phosphorus of the plasma from the leukemia 
cases are 31 2 mg and 118 mg per hundied cubic centimeters of plasma, 
respectively, as contrasted with mean normal values of 29 6 mg and 
104 mg In other words, the increased phosphorus content of the 
whole blood m chronic myelogenous leukemia is due almost entirely to 
the increased phosphorus content of the corpuscles 

It is true that m cases of leukemia greater variations occur than 
m normal persons m the plasma contents of both the total and inor- 
ganic phosphorus, and that occasionally very high values are observed 
163 mg of total phosphorus per hundred cubic centimeters of plasma in 
Case 19, and 16 8 mg of inorganic phosphorus per hundred cubic centi- 
meters of plasma in Case 13 These variations in the total and inor- 
ganic phosphorus contents of the plasma apparently bear no relation 
to one another, nor to the phosphorus content of the corpuscles, nor 
to any of the factors discussed later which are associated with the 
increase of the corpuscular phosphorus It could be supposed that the 
excessive demand for phosphorus caused by the rapid cell prolifera- 
tion might lead to a paucity of phosphorus m the plasma as suggested 
by Case 18, in which the total phosphorus content of the blood rose to 
the very high value of 366 mg per hundred cubic centimeters of whole 
blood and the total phosphorus content of the plasma dropped to 20 5 mg 
per hundred cubic centimeters But this conception is not borne out by 
the findings in the other cases On the contrary, the idea might be enter- 
tained that enrichment of the plasma in phosphorus should occur as a 
result of the abnormally rapid disintegration of the cells m the 
peripheral blood or, teleologically, from the increased demand for phos- 
phorus on the part of the bone marrow Yet the figures attest that 
neither of these conceptions is tenable 

The phosphorus metabolism in myelogenous leukemia does not 
seem to be implicated in the sense that it is in such disorders as 
rickets, fracture, and certain types of arthritis If it is, the transport 
of phosphorus must be effected by the corpuscles themselves, or else 
in leukemia the equilibrium is maintained carefully between the with- 
drawal of phosphorus from the plasma by the blood forming tissue, 
and, the return thereto from disintegrated cells and the subsequent 
elimination therefrom by the kidneys Under the conditions of the 
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observations reported, the plasma phosphorus content m nonirradiated 
or not recently 11 radiated cases of chronic myelogenous leukemia is 
independent of the phosphorus contained m the corpuscles 

More interesting variations are found in the values for corpuscular 
phosphorus The phosphorus content of the corpuscles might be and 
apparently is influenced by several factors among which aie (1) the 
volume of blood platelets, (2) the volume of adult and of immature 
red blood corpuscles of different types and the percentage of hemo- 
globin, and (3) the volume of the mature and of the different forms 
of immature white cells 

It has been shown 7 that the platelets contain a relatively large 
amount of phosphorus As the number of these elements is often 
increased and sometimes markedly so in chronic myelogenous leuke- 
mia, it is reasonable to suppose that when such is the case the elevation 
of the phosphorus content of the whole mass of cells may be due, in 
part, to an increase in the volume of these corpuscles However, it is 
impossible to determine to what extent this factor is opeiative for no 
suitable method exists for the quantitative separation of the total mass 
of platelets from the other corpuscles Again, and foi the same reason, 
the fraction of the total phosphorus content of all the cells contributed 
by the red blood corpuscles can be apprehended only approximately. 
There is, moreover, another difficulty and that is the presence of large 
numbers of immature red blood cells m many cases of myelogenous 
leukemia and these undoubtedly contain more phosphorus than do 
adult red cells Thus we have observed the total phosphorus at least 
as high as 374 mg. per hundred cubic centimeters of red cells m a case of 
myelogenous leukemia with many immature red corpuscles, and a value 
for total phosphorus as high as 560 mg per hundred cubic centimeters 
of red cells m a case of chronic hemolytic jaundice showing 30 per 
cent of the red cells to be reticulocytes 4 Commensurately high values 
also have been observed by us m cases of anemia due to blood loss, in 
which there was an increase m the number of young red cells 

Finally, the same difficulties which are met with in considering the 
phosphorus content of the platelets or of the red corpuscles recur m 
considering that of the white cells The volume of total white cells 
made up by immature white cells is indeterminate, and even though 
quantitative separation of the leukocyte fraction of the corpuscles were 
possible, the methods available for the analysis of such a mass of leuko- 
cytes for its content of phosphorus are not satisfactory 

Nevertheless, from a purely statistical consideration of the data, 
there is an apparently definite relationship between the total phosphorus 

7 Mathews, A P Physiological Chemistry, Ed 3, New York, William 
Wood & Co , 1920, p 467 Hammarsten, O Physiological Chemistry Trans 
by Mandel, Ed 6, New York, John Wiley & Sons, 1911, p 295 
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content of the entire cell volume and the percentage of what have been 
termed immature white cells The greater the number of immature 
white cells, the greater becomes the total phosphorus content of the 
whole mass of corpuscles This relationship is illustrated m Chart 1 
which shows, also, a similar but less striking relationship between the 
inorganic phosphorus content of the corpuscles and the percentage of 
immature leukocytes The data also show that an analogous but dis- 
tinctly less definite relationship obtains between the total phosphorus con- 
tent of the whole corpuscles and the total white cell count or the 
volume of the white cell fraction of the corpuscles, both of which are 
very roughly proportional to the percentage of immature white cells 8 



Chart 1 — The relationship between the phosphorus content of the corpuscles 
and the percentage of immature white cells 


The relationship between the immaturity of the white cells and the 
phosphorus content of the corpuscles is a similar one to that which 
obtains between the basal metabolic rate of the patient and the number 
of immature bone marrow cells, especially the leukocytes in the 
peripheral blood, as pointed out by Gunderson 9 and substantiated by 
further observations at this hospital These two relationships are repre- 
sented togethei m Chart 2 Although the percentage increment m the 
basal metabolic rate of the patient and the percentage increment in the 

8 It is not intended to imply here that any close parallelism exists between 
the total number of white corpuscles per cubic millimeter of blood and the 
percentage of immature white corpuscles The association is only a very 
general one, and discrepancies are too numerous and too marked to permit 
the use of the count of the white cells in any given case as an index of the 
degree of maturity of these cells 

9 Gunderson, A H Boston M & S J 185 785 (Dec 29) 1921 
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total phosphorus content of the whole coipuscles with mci easing numbeis 
of immatuie white cells follow somewhat diffeient graphs, it is probable 
that both are different manifestations of the same phenomenon , namely, 
the presence m the blood of increased numbeis of young cells Of 
the two, the phosphorus content of the coipuscles is the moie sensitive 
index of the degiee of immatuiity of the blood, inasmuch as the basal 
metabolic rate of the patient is undoubtedly influenced by compensatory 
factors operating to depress it 

2 The Em ly Effects of Sho) t Wave-Length Roentgen The) apy on the 
Blood Phosphoius 10 — Observations on the blood phosphorus contents of 



Chart 2— The relation of the percentage increment in the total phosphorus 
content of the corpuscles and the percentage increment of the basal metabolic 
rate of the patient to the percentage of immature white corpuscles The graph 
of the phosphorus content of the cells is the median obtained from the results 
shown in Table 1 The graph of the basal metabolic rate is the median 
obtained from Gunderson’s data The crosses represent values for corpuscular 
content of total phosphorus 


the patients with chronic myelogenous leukemia and cancer were made 
not only before n radiation and at periods remote from the time of 
theiapy, as stated m the foregoing, but also at intervals varying from a 
few hours to many days following the application of the roentgen rays 
Concerning the effects of irradiation that occur within a few hours 


10 In each instance the high voltage, constant potential, short wave lemrth 
en gen ray described by Duane (Am J Roentgenol 9 781 19221 was used 
As a rule, from three to four exposures on successive days were Iven The 

:^^-SdSr was about 600 electrostatic untt sec ° nds ’ 
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following exposure, the data accumulated show too many and too 
extreme variations to warrant any conclusions at present These data 
are not reported The course of events following the initial disturbances 
due to irradiation is represented, however, in Table 2, in which are 
shown the findings in the five cases of cancer and in six typical cases 
of chronic myelogenous leukemia Even these observations together 
with those on the other thirteen cases of leukemia do not permit of an 
entirely satisfactory recapitulation Nevertheless, certain definite ten- 
dencies both m the cases of cancer and in the cases of leukemia are 
evident 

Within twenty-four hours following the first exposure to irradiation 
in a given series of treatments there occurs, geneially, an initial rise in the 
level of the total phosphorus content of the plasma and, frequently, a 
rise m the total phosphorus content of the corpuscles These initial 
elevations may be followed within a day or two by sharp declines to 
normal or even subnormal levels of total phosphorus values for both 
plasma and cells 

Following subsequent exposures to irradiation in the same series of 
treatments, the total phosphorus content of the plasma usually rises 
again above the upper normal limit (about 35 mg per hundred cubic centi- 
meters) or, should it not have fallen following the first exposure, it 
rises to still higher levels provided that the value for the total phosphorus 
content of the plasma was below the upper normal limit at the time the 
first treatment was given Under such circumstances the total phos- 
phorus content of the cells continues to fall But if the value for the 
plasma content of total phosphorus, especially at the time of subsequent 
treatments, is above the upper noimal limit, then it is generally true that 
following subsequent treatments the total phosphorus content of the 
plasma remains stationary oi falls , whereas the total phosphorus content 
of the cells rises and this rise in the cell phosphorus is maintained until 
such a time as the plasma phosphorus has declined to values within 
normal limits 

The inorganic phosphorus contents of the plasma and cells, though 
subject to marked variations, show a distinct tendency after uradiation 
to approach normal or subnormal values as the abnormal and excessive 
numbers of formed blood elements 

The alterations after n radiation in the total and inorganic phos- 
phorus of the whole blood and cells m leukemia are much more striking 
than those observed in cancer However, the changes that occurred in 
the cases of cancer, though relatively slight, were similar to those in the 
cases of leukemia and serve but to emphasize the before mentioned gen- 
eralizations regarding blood phosphorus following irradiation In a 
patient with cancer, irradiation at first causes a decrease in the leukocyte 
count and a decrease of immature blood cells, as it usuall) does to a 
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\ astl}' gi eater degiee m leukemia It is to be noted that both m leukemia 
and cancel the corpusculai phosphorus may actually rise, m the former, 
markedly, m the latter, very slightly after irradiation m the face of a 
falling white cell count and a falling percentage of immature bone 
mairow cells 

Although it is impossible m the present state of our knowledge to 
explain the fluctuations m the values for inorganic phosphorus m the 
blood following irradiation in cancel and leukemia, it is suggested that 
the following explanation might account foi the observed changes m the 
total phosphorus contents of the corpuscles and plasma The destruc- 
tion of cells incident to irradiation and ceitamly not confined to the 
blood cells results m the liberation and excretion of large amounts of 
phosphorus This phosphorus may be largely or wholly taken up by 
the plasma, provided the conditions for elimination aie favorable, as 
evinced by the finding of a normal plasma content of phosphorus before 
treatment But if cell destruction has been excessive, or if, as shown 
by an abnormally high phosphorus content of the plasma before treat- 
ment, conditions for elimination ai e unfavorable, then the liberated phos- 
phorus may be stored temporarily in the corpuscles and paiticularly in 
the red blood corpuscles, until the excess of phosphorus in the plasma 
has been eliminated This conception is m part borne out by the work 
of Ordway, Tait and Knudson 11 who found the increase in the phos- 
phorus content of the urine after irradiation to be sustained, particularly 
m myelogenous leukemia, even after the blood histology had become 
approximately normal 

MORE REMOTE EFFECTS Or IRRADIATION 

It has been shown 4 that ban mg those conditions in which the phos- 
phorus metabolism is truly disturbed, the total phosphorus content of 
the whole blood is a function of its hemoglobin content As in other 
conditions, so it is m chronic myelogenous leukemia when, through irra- 
diation therapy, or otherwise, the white corpuscles have been reduced to 
normal and the early effects of irradiation have subsided This trend 
of events is illustrated by the cases represented m Chart 3 In this 
chart the heavy line indicates the ideal values for the total phosphorus 
content of the whole blood foi different levels of hemoglobin, as previ- 
ously determined by us 4 The numbered lines represent the actual 
course of the total phosphorus following irradiation, m each of four of 
the leukemia cases and m two of the cases of cancer 

The values for the total phosphorus content of the whole blood 
(ordinates) are plotted against the values for the hemoglobin content 
of the blood (abscissas) The chart shows that both m the cases of 

11 Ordway, T , Tait, Jean, and Knudson, Arthur Albany M Ann 41 1 
(Jan ) 1920 
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cancer and leukemia the actual values for total phosphorus in the whole 
blood approach the idea values, m the former before irradiation and 
again as soon as the disturbances incident to irradiation have subsided, 
in the latter as soon as the total number of white corpuscles and the 
immature white corpuscles have been reduced to essentially normal 
levels 

In leukemia, this reduction of the number and immaturity of the 
white cells is evident very shortly following exposure to irradiation, and 
is usually complete m from five days to a few weeks thereafter Thus 
the blood remains during remission Finally, as relapse occurs, as lllus- 



Chart 3 — The relationship between the total phosphorus content of the 
whole blood and the percentage hemoglobin content of the blood in two typical 
cases of cancer (dotted lines) and four typical cases of chronic myelogenous 
leukemia (solid lines) The small numbers refer to number of days elapsed 
since first exposure to irradiation therapy No number is appended to observa- 
tions made before exposure to irradiation 

trated by Cases 1 to 9 inclusive, the blood phosphorus values increase 
and again become determined largely by the same factors (immaturity 
of cells, volume of cells, etc ) which had controlled them before exposure 
of the patient to irradiation 

SUMMARY 

1 A study of the blood phosphorus was made m nineteen cases of 
chronic myelogenous leukemia and in five cases of cancer befoie, during 
and following roentgen-ray therapy 

2 In nomrradiated or not recently irradiated cases of chronic mye- 
logenous leukemia, the total phosphorus content of the whole blood is 
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markedly elevated This increase is due almost entirely to the mci eased 
total phosphorus content of the corpuscles The mean value for the 
total phosphorus content of the plasma, m spite of wide individual varia- 
tions, was found to be within noimal limits 

3 The total phosphorus content of the corpuscles m chronic myelo- 
genous leukemia is dependent m part on the number of white corpuscles 
present, but particularly on the number of immature myeloid cells, 
especially white corpuscles 

4 Relationships are illustrated between the numbers of immature 
cells m the blood and the basal metabolic rate of the patient, and between 
them and the corpusculai content of total phosphorus The total phos- 
phorus content of the corpuscles is a more sensitive index of their imma- 
turity than the patient’s basal metabolic rate 

5 Changes m the blood phosphorus occur as a result of roentgen-ray 
therapy given to a patient with leukemia or cancer As a result of 
tissue destruction incident to such treatment, a transient, but often, in 
leukemia, a marked increase of the total phosphorus content of both 
plasma and cells generally occurs, the latter apparently serving as a tem- 
porary reservoir for the excess of phosphorus, which for the moment 
cannot be taken care of by the plasma 

6 In chronic myelogenous leukemia, when the initial disturbances 
following irradiation have subsided, the corpuscular content of total phos- 
phorus falls to normal levels as the numbers of immature cells in the 
blood stream dimmish Thereafter, as long as the numbers of white 
cells and immature cells remain within essentially normal limits, the 
total phosphorus content of the whole blood is m proportion to the per- 
centage hemoglobin content, as is the case m other conditions 

7 No significant variations were noted m the inorganic phosphorus 
contents of plasma or corpuscles before, during, or after roentgen-ray 
therapy m leukemia or cancer 



THE PROGNOSIS OF CHRONIC INFECTIOUS 
ENDOCARDITIS * 

ALFRED D BIGGS, MD 
The John Jay Borland Fellow in Medicine, 1923-1924 

CHICAGO 

According to reports in the literature, chronic infectious endo- 
carditis is usually fatal Billings, 1 observed only one recovery in fourteen 
patients, and all of the ten leported by Osier 2 died Of the 150 
patients with subacute bacterial endocarditis reported by Libman, 3 
146 died, and recently Thayer 4 reported 206 cases terminating fatally 
Contrasted with these are other statistics mentioning a lower death 
rate Four patients treated with sodium cacodylate by Capps 5 are 
reported well after three years Graham, Ollie and Detweiler B have 
observed twenty-three patients for a period of nine years, and of 
these at least twenty are living The presence of bacteria in blood 
cultures ot patients with endocarditis is generally regarded as indicating 
a grave prognosis This idea is not altogether in harmony with 
results obtained at St Luke’s Hospital, Chicago Of fifty-seven patients 
with bacterial endocarditis twenty-four are living and many of them 
seem to have recovered from the heart valve infection The other 
thirty-three are dead 

CLINICAL DIAGNOSIS 

Any discussion of the results of bacterial endocarditis obviously 
hinges on the proper clinical diagnosis of the disease A progressive 
valvular lesion, fever, and the clinical signs of embolism of the brain, 
spleen, or kidneys are important symptoms, but m order to make the 
diagnosis certain, these clinical manifestations need to be supported by 
recovering the specific bacteria in cultures from the blood of such 
patients In fact, demonstrating bacteria in the blood by cultures is 
piobably the most conclusive evidence of an infectious endocarditis 

■''From the Medical Service and Pathological Laboratory of St Luke’s 
Hospital, Chicago 

1 Billings Arch Int Med 4 409, 1909 

2 Osier Quart J Med 2 219, 1909 

3 Libman, Emanuel Characterization of Various Forms of Endocarditis, 
J A M A 80 813-818 (March 24) 1923 

4 Thayer, W S Symposium on Endocarditis, T A M A 82 1721 (May 
24) 1924 

5 Capps, J A Am J M Sc 165 40 (Jan ) 1923 

6 Graham, Duncan, Olhe, J A, and Detweiler, H K Further Report 
on Patients Who Recovered from Subacute Bacterial Endocarditis, JAMA 
82 1721-1722 (May 24) 1924 
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In the number of patients herein reported with chronic infectious 
endocarditis studied at St Luke’s Hospital, pathogenic bacteria were 
recovered by cultuies of the blood of each one Each one had a heart 
murmur All had fever not explained by extiacardial lesions, and many 
had an anemia and the clinical signs of embolism 

Almost all of the twenty-four patients living are without fevei and 
other signs of infection, and many of them are able to do light work 
One has been well for thirteen years, two for seven years, and one for 
two and a half years Thirteen are in the second year and seven aie 
m the first year of clinical observation 

The clinical progress of the patient who died differed markedly from 
that of those living This difference has made possible a piediction 
regarding the outcome soon after the disease is recognized Those 
who died had a higher fever and more marked symptoms of sepsis 
Twenty-six of the thirty-three had a prolonged irregular septic type 
of fever, the temperature ranging from 101 to 105 F Twelve of these 
tlnrty-three had chills Of the twenty-four living, none had fever 
exceeding 101 F , the maximum being from 99 to 100 F , except during 
an intercurrent infection The clinical record of none of these mentions 
chills 

Anemia and symptoms of embolism occur m the patients of each 
group But the anemia is usually more pronounced, and symptoms of 
embolism are more fiequent in those of the septic type The urine of 
twenty of the thirty-three who died contained red blood cells, twelve 
had petecluae of the skm, twelve a palpably enlarged spleen, eleven a 
severe anemia (red blood cells 3,500,000 or less, hemoglobin 65 per cent 
or less), five painful cutaneous nodes, three retinal hemorrhages, 
two hemiplegia, and two club fingers Of the twenty-four living, m 
only eight were there red blood cells m the urine, three had petecluae 
of the skm , four a palpably enlarged spleen , seven a marked anemia , 
none had painful cutaneous nodes or letmal hemorrhages, three had 
hemiplegia and none club fingers 

Although blood was often found m the urine of patients with the 
milder type, the red corpuscles m the urine of these patients were present 
m smaller numbers and only after repeated examinations In contrast 
to this, blood was found more regularly and m larger quantities m the 
urme of the patients who died 

MODE OF ONSET 

The mode of onset is noteworthy In the fatal group there is a 
rapid development of weakness and anemia, with fever of the septic 
type and often with signs of cardiac decompensation A chill or symp- 
toms of an embolus, m a few instances, is the first manifestation of the 
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disease The onset of the disease in the twenty-four living patients was 
m no instance marked by a chill and was accompanied, as before men- 
tioned, by a lower fever 

Acute polyarticular rheumatism was associated with the endocarditis 
in ten of the patients with the milder type Whether the arthritis 
preceded or followed the endocarditis was usually difficult to determine 
The endocarditis seemed to be the antecedent in one patient From a 
clinical standpoint the disease in many of this group cannot be dis- 
tinguished from a rheumatic endocarditis The onset of the disease 
of fourteen patients with the milder type was not associated with 
arthritis Only four of the thirty-three patients who died had an active 
arthritis during the fatal attack of endocarditis 

BLOOD CULTURE 

The number of bacteria m the blood stream is greater in the fatal 
cases Repeated cultures of the blood from those with the milder type 
was usually necessary before the specific bacteria were recovered and 
even then the colonies were few On the contrary, as a rule, bacteria 
were recovered more easily and in much greater numbers from patients 
with the septic type There were, however, some exceptions to the latter 
statement 

The disease in several patients at first was considered of the milder 
type For a few months the patients were without fever and then the 
disease recurred with septic manifestations and ultimate death 

The causal organism in fifty-four of the total fifty-seven patients 
with chronic infectious endocarditis was Sti eptococcus mndatis, m one a 
hemolytic streptococcus of the ordinary type, in two an alpha hemolytic 
streptococcus 

Thirty-five of the fifty-seven patients were treated with sodium 
cacodylate Three grains of a freshly prepared solution were given 
intravenously daily during a period of from eight to sixteen weeks 
Eighteen of those so treated are dead and seventeen are living, a death 
rate of 51 per cent Another group of twenty-two patients not treated 
serves as a comparison Of these, seven are living and fifteen are 
dead, a death rate of 68 per cent As a patient with chronic infectious 
endocarditis cannot be considered permanently well until two or three 
years after the onset, conclusions regarding the merits of any medication 
with this disease cannot be made until a longer period of observation 
has been reached 
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THE LIFE CYCLE OF PEPTIC ULCER- 
BURRILL B CROHN, M D , SAMUEL WEISKOPF, M D 
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PAUL W ASCHNER, MD 

NEW YORK 

Notwithstanding years of intensive clinical study of the etiology, 
pathology, couise and effects of treatment of chronic peptic ulcer, many 
points are still open for discussion The advent of i oentgenography 
has given a renewed impetus, opening up afresh, as moot questions, 
problems that apparently had been satisfactorily answered The recent 
contributions of roentgenologists have tended to show that under favoi- 
able circumstances many ulcers tend to disappear and piesumably to 
heal, the disappearance of the roentgenographic niche being the criterion 
on which such a judgment is founded 

On the other hand, the operation of subtotal gastrectomy for the 
radical removal of ulcer, an operation that seems likely to enjoy an 
increasing and a well warranted sphere of activity, has delivered into 
our hands fresh ulcer specimens of various types and at various stages 
m the life cycle of the peptic process 

These two factors alone have contributed considerable new informa- 
tion concerning the pathology, the course of the treated and of the 
untreated ulcer, the healing of the ulcer, and the conditions for its lecur- 
rence after incomplete cure In the light of these new data, we may be 
privileged to reexamine the subject of the life history of ulcer, particu- 
larly from the standpoint of the healing of such a process after conserva- 
tive medical, or after surgical, treatment In particular, we are interested 
m the problem of what happens to a peptic ulceration m the stage of 
intermission of symptoms Do ulcers ever spontaneously heal? Does 
an ulcer heal temporarily and partially when the patient enters a peiiod 
of fieedom from symptoms and the niche disappears ? How often is 
such a healing process a durable and lasting one, and what aie the 
pathologic stages m such a restitution to integrity? What are the 
conditions incident to the recurrence of ulcer? And, finally, to what 
extent do the usual surgical procedures vouchsafe lasting prevention 
of recurrence of the original or of new ulcers? 

* From the gastro-mtestmal surgical service, the medical and pathological 
departments, Mount Sinai Hospital 
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From the mass of varied opinions, one fact seems to stand unchal- 
lenged, and that is that ulcers can and do heal Stewart, 1 detailing 
the necropsy findings at the Leeds General Infirmary for the years 1910 
to 1921, states that the “healing of gastric and duodenal ulcer is a com- 
mon event ” His statistics show that, m the postmortem room, scarring 
in the stomach is encountered almost as frequently as ulceration, while 
duodenal scars occur with about half the frequency of duodenal ulcers 
Hart 2 found in general necropsy material in Germany that from 8 to 
13 per cent of adult bodies carry either open ulcerations or scars of 
healed ulceis, the scars and the ulcers occurring with about equal fre- 
quency These statistical data are corroborated by many of the most 
representative pathologists, including Aschofi: We are therefore bound 
to accept the fact that, under satisfactory conditions, ulcers can and do 
heal m a certain percentage of cases It remains for us to reexamine our 
material and to determine the required conditions for bringing about such 
a desired termination But neciopsy material is unsatisfactory in that 
it represents only an end stage of an ulcer or often an ulcer found 
accidentally during an examination in a case m which death has been 
due to some intercurrent disease The gastric symptoms are m the 
background, probably not observed or noted, and new clinical knowl- 
edge of the life cycle of ulcer is not easily deducible 

On the other hand, in all clinics m which the operation of subtotal 
gastrectomy is being performed for ulcer, we have at hand many fresh 
specimens of ulcer removed at various stages in the cycle of life of the 
process, for instance, at the height of an attack, or after hemorrhage, 
or during the intermission stage, or just at the beginning of a recurrence 
This constitutes today most valuable material for a review of the whole 
subject, and m many of the clinics of Europe (Aslcanazy, 3 Perman 4 ) 
where such material has come to hand, such studies have been begun 
We have been so fortunate as to have had the privilege of pi osecut- 
ing such investigations The material at our disposal consists of approxi- 
mately seventy specimens, each specimen consisting of the distal one 
third or one half of the stomach and adjoining first portion of the 
duodenum, including the ulcer itself By correlating the clinical history 
with the pathologic picture of the ulcer, by bearing m mind the roentgen- 
ray evidence of healing, and by observing the incidence and frequency 
of lecurrence of ulceration, we can add further valuable data to that 
at hand 


1 Stewart, M J Brit M J 2 1164 (Dec 16) 1922, ibid 2 955 (Nov 
24) 1923 

2 Hart Mitt a d Grenzgeb d Med u Chir 31 291, 1918-1919 

3 Askanazy Virchows Arch f path Anat 234 111, 1921 

4 Perman, E Acta chir Scandmav 55 286, 1923 



CROHN El AL — LIFE CYCLE OF PEPTIC ULCER 407 

In addition, the medical waids of the hospital and the follow-up 
system m the outpatient depaitment have given us ample and nch 
oppoitumty to obseive, if only for a limited time up to date, the end- 
results of medical tieatment Clinical medicine and medical and suigical 
therapy being lepiesented and pieced togethei, the sum total gices a good 
impression of the life histoiy of a peptic ulceiation 

PATHOLOGY OF A GASTKIC ULCER COMPARED WITH ITS 

CLINICAL HISTORY 

If we study the specimens of gastnc ulcer from cases in which theie 
has been absolutely no pievious gastnc complaint and in which the his- 
toiy is of only a few weeks’ duiation, the onset of the symptoms abiupt, 
with seveie pain, vomiting and lapid loss of weight, we aie led to 
the belief that such typical peptic ulcei can and does foim within a 
few weeks The shortest histoiy of such a case m out expenence is 
three weeks The ulcer m this instance was appioximately 1 by 3 cm 
m diameter, and had all the appeal ances of a chronic penetiatmg ulcer 
(Fig 1), it had undermined edges, thickened walls, and its base was 
constituted of a thin remaining layer of musculaiis and the slightly thick- 
ened seiosa Grossly and nnci oscopically, in size and m shape, it had 
every chaiacteristic of a penetiatmg peptic ulcei of long standing, except 
that there was little evidence of dense, cicatucial, connective tissue 
pioliferation Anothei ulcei, of foui weeks’ duration, had achieved 
a size of 2 by 3 cm, and lepresented a laige ciater with ovei hanging 
edges, a typical Cruveilhiei ulcer 

Another gioup of specimens studied were those m which remissions 
alternated rapidly with attacks In all of these cases, the recent history 
was one of almost continuous severe complaint without relief These 
ulcers all ranged in size fiom 1 to 1 5 cm , and had an appeal ance 
identical with those m the previous group Theie was no evidence of 
healing (Fig 2) 

From these two gioups of specimens, we aie led to believe that ulcers 
form rapidly, probably within two oi thiee weeks, and, having by that 
time achieved a given size, no longei extend their circumfeience They 
leact only by an increase in piotective connective tissue in the penpheiy 
and m the depths This also would agree with the idea that peifoiation 
as well as liemoirhage usually aie observed m cases with a histoiy of only 
a few days or a week, namely, m the stage of rapid penetiation A far 
smaller percentage of chiomc induiated ulcers of long standing give use 
to sudden surgical perforation with pentomtis 

The largest ulcei we have seen, one that was 1 5 by 3 5 cm in 
diameter, occurred m a man whose histoiy was that of one year of 
continuous severe gastnc complaints without intermission (Fig 3) It 
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Fig 1 — Penetrating ulcer of lesser curvature, deep, punched out, 1 5 by 
1 cm , with sharp edges, muscularis base and marked induration The patient, 
a man, aged 38, with no previous history of ulcer, began, three weeks before 
operation, to have severe epigastric pain one-half hour after eating He 
had vomited once or twice and lost IS pounds (68 kg) m weight 



Fig 2 — Penetrating ulcer of lesser curvature near pylorus, punched out, 
with overhanging edges, 1 5 by 2 cm , muscular coat showing in the depth , 
blood vessels exposed The patient, a man, aged 50, with a history of many 
years of typical gastric symptoms, had been much worse during the last 
few months, suffering a marked loss m weight 
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is important to note that ulcers with continuous symptoms are laiger, 
deeper and more dangerous than those in the preceding class m which 
attacks alternate with fiee intervals A pi ion, one would surmise that 
in the intermission period a sufficient reparative process often takes place 
to prevent an extension of the pathologic ulceiation 

In addition to this, there is a group m which the histoiy was one 
of years, but in which long penods of freedom from pam were followed 
by shoiter spaces of periodic activity of the ulcer These ulceis weie 
small, usually 0 5 by 0 5 cm in diametei, superficial, and apparently 
had a firm connective tissue bed These ai e ulcei s showing a tendency to 
slow cicati ization 

Finally, there is a group of specimens of hour-glass deformity of 
the stomach The specimens have a history of from one to twenty 
years An open indurated ulcer has peiforated the viscus, the base 
of the ulcer being formed by a neighboring organ, usually the liver 
The crater is wide open, the base patulous and fixed to the liver The 
ulcer has not healed, it is unable to conti act because its base is fixed 
and unyielding The productive leaction on the pait of the ulcer results 
only in a thick callous ulcei with connective tissue strands infiltrating 
the serosa and encircling the viscus (Fig 4) The result is the bilocular 
deformity There is evidence of much and continued tendency to heal, 
resulting only m more deformity and failure to fill the ciater with 
granulations This does not necessarily preclude eventual healing, but 
certainly delays it indefinitely 

PATHOLOGY OF DUODENAL ULCERS COMPARED WITH TIIEIR 

CLINICAL COURSE 

Duodenal ulcers have more of a tendency to be cast in one mold 
Most of those seen m specimens removed at operation are smallei, about 
0 5 by 1 cm m diameter, lather shallow, with muscularis as a base, and 
show little tendency to productive cicatricial i epair In the case with the 
shortest history, four months, a fully developed ulcei was noted 

However, in the cases m which the intervals m the histoiy have been 
longer than the periods of pam, a heaping up of inflammatory scar 
tissue may be distinctly seen The largest ulcers were those m which 
the recent course, or the course from the onset, had been the most 
severe and the most continuous Secondary diverticulum formation, 
as described by Akerlund, 5 is very common It is m the natuie of a 
pulsion diverticulum and occurs between the site of the ulcer and the 
pyloric sphinctei It occui red m eveiy fourth or fifth specimen removed 
at operation 

1921 5 Ackcrlund Roentgenologische Studien Uber den Bulhus Duodenum, 
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Fig 3 — Large, oval, callous perforated ulcer at reentrant angle on lesser 
curvature The patient, a man, aged 65, had a history of constant pam of 
increasing severitj, of one year’s duration, with marked exacerbation during 
the last two weeks, marked by severe pain and vomiting 



4 — Specimen from subtotal gastrectomy for hour-glass stomach The 
patient, a woman, had had symptoms for one year of epigastric pam, beginning 
twenty minutes after eating and lasting from two to three hours, which were 
relieved b> bicarbonate One month before admission, the pain became more 
severe and constant, and the patient lost 15 pounds (6 8 kg) in weight A 
test meal shoved a high gastric acidity 
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In a case of three 3 ears’ duration m which the free intervals had 
been as long- as six months, a small, puckeied but open ulcer, 
02 by 06 cm, was all that remained of the original ulcer A large 
diverticulum uas present between the ulcer and the p} lone sphincter 
(Fig 5) The small size of this ulcer, m comparison with the long 
history, speaks for a well advanced reparative process In another 



Pig 5 —Penetrating ulcer of duodenum, with secondary dnerticulum forma- 
tion, small, scooped out, 2 b} 4 mm The patient, aged 37, had had pains 
for 3 3 ears at irregular periods, with remissions as long as six months The 
present attack began three v eeks before 



Fig 6 — Simple duodenal ulcer The patient had cramps of five 3 ears’ 
duration, the attacks being mild with long intervals of remission 


case, of twenty 3 ears’ duration, v ith mild intermittent s)'mptoms, the 
ulcer was onl} r 0 0 b} r 0 5 cm m diameter Again, a very large diverticu- 
lum was present Apparent!}', the diverticulum was associated with 
cicatricial contracture in the walls of the ulcer 

Two cases, with five and twelve } r ear histones in which there were 
penods of relief up to one }'ear m duration, showed only a small, puck- 
ered ulcer, 2 by 3 mm in diameter, with a shallow base (Fig 6 ) Let 
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us not be understood to say that these ulcers had healed . there was a 
distinct, persistent loss of community of the surface mucosa, but there 
was also undoubted evidence of connective tissue repair taking place and 
contracture of the walls of the ulcer, both m depth and m circumference 

There remains for consideration a group of seven cases of duodenal 
ulcer in which, at the time of operation, the ulcer had either healed, 
pathologically speaking, or almost healed This group was most inter- 
esting The operative indications were clear cut Most of these were 
cases in which a severe hemorrhage, endangering life, had occurred 
a few weeks previously One was a case of recurring gastric tetany, 
and one was a case of repeated recurring ulcer attacks, m which the 
patient pleaded for permanent relief by surgical intervention The 
cases m -which profound hemorrhage almost to exsangumation had 
occurred weie allowed several weeks m which to permit the regenera- 
tion of the blood elements and of the general strength of the patient 
Following hemorrhage, it is almost a uniform rule that the gastric symp- 
toms cease for a longer or shorter period A modified Sippy diet was 
administered during the weeks following the hemorrhage In the speci- 
mens removed at operation, the remains of the ulcer could usually be 
identified only as a small scar or a puckered area with regenerated 
mucous membrane The same held true for the case of tetany 

The duration of the clincal symptoms does not seem to be of great 
significance, for some of these cases were five years or more m duration , 
the attacks, howeier, alternated with long periods of relief from 
symptoms 

The tendency of gastric ulcers to heal after hemorrhage is much 
less marked Specimens of gastric ulcer after hemorrhage still show 
endence of the erosion of the bleeding vessel m the base of the ulcer, 
and little m the nature of reparative reaction is visible 

In the phenomenon of the healing of duodenal ulcers after hemor- 
rhage, one is faced by two contradictory facts The ulcers show a 
definite tendency to heal and yet have given rise to severe hemorrhage 
One can harmonize these facts only on the hypothesis that ulcers, or 
duodenal ulcers, heal readily m the intermission period, only to break 
down again and reulcerate with the next attack It is only by such a 
hypothesis that one can explain such an apparent contradiction m facts 
And yet, m this very phenomenon lies the explanation of what occurs 
in the intermission stage of the clinical history of ulcer, a tendency 
to heal followed by 7 a reopening of the same or possibly of an entirely 
new ulcer wnth the next attack, another phase of healing and another 
recurrence of the ulceration In some of these cases, final healing 
must take place, else we could not explain the postmortem discovery 
of gastric and duodenal scars In probably a larger percentage of cases, 
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the extent and frequency of reulceration exceeds the phases of healing, 
until gastric suigery steps in and gives relief to the sufferer, or until a 
stenosis, or a fatal accident, hemorrhage or perforation, calls for opera- 
tive cure 

This phase of healing and reulceration in the cases that are less 
amenable to medical treatment will again be discussed m connection with 
the 1 oentgenographic evidence of the disappearance of the niche under 
medical tieatment and its not infrequent recurrence It is similarly 
seen m the healing of an ulcer after gastro-enterostomy, and m the not at 
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Fig 7 — Course of cases of penetrating ulcer observed with repeated roent- 
genographic examinations In this and the succeeding charts, the elevation 
above the base line represents the observance of a "niche,” the depression 
below the line indicates a negative roentgenographic report The elevations 
are placed approximately m the year and time of the year when the examination 
was made The reference to weeks, months or years indicates duration of 
symptoms before first roentgenographic examination 

all infrequent recurrence of the same ulcer or of a new ulceration months 
or years after the apparent suigical cure 

OBSERVATIONS ON REPARATIVE PROCESSES IN PEPTIC ULCER 

Until the cause of peptic ulcer is discovered, and until the lesion can 
be reproduced m experimental animals at will, the pathologic details of 
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repair cannot be completely followed It may be safely assumed, how- 
ever, that the characteristic features of the ulcer are the result of two 
opposing influences (1) the causative, destructive factors which con- 
tinue to operate, and (2) the protective reaction of the organism, the 
reparative factors The histologic appearance of any individual ulcer, 
therefore, would seem to depend on which of these two influences is m 
the ascendant at the time the lesion is removed 

Specimens of approximately seventy-three partial gastrectomy opera- 
tions during the last three years, performed for ulcer by Dr A A 


mi 19Z3 I3Z4 
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Fig 8 — Course of cases of penetrating ulcer observed with repeated roent- 
genographic examinations 

Berg or members of his staff, have been reviewed to determine, first, 
the histologic featuies of reparative piocesses, and, second, the frequency 
of their predominance It should be pointed out that evidence of such 
predominance does not prove that the process would have gone on to 
completion in any individual instance 

In thirty-four specimens of gastric ulcers, there was no specimen in 
which healing was predominant The lesions showed, in general, the 
characteristic picture of ulcer as described by Askanazy 3 and Perman 4 
The mucosa about the ulcers showed inflammatory changes of the 
stroma, deformation and cystic dilatation of the glands, and an abrupt 
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loss of substance at the site of the ulcer The latter presented an area 
of exudate overlying a zone of necrosis The exudate consisted of 
mucus, fibrin, desquamated cells, leukocytes and round cells The 
necrotic zone appeared to be granulation tissue or connective tissue, 
which stained poorly and was degenerated and infiltrated with round cells 
and polymorphonuclear leukoc} tes to varying degrees Beneath this was 
a more or less developed zone of granulation tissue, and, lastly, a zone 
of dense connective tissue from which capillaries passed into the zone 
of granulation tissue The muscle bundles of the stomach, which were 
broken through m all but three instances, showed a varying degree of 
infiltration by round and plasma cells The large vessels in the base of 
some penetrating ulcers showed closure by thrombus, or granulation 
tissue replacing the thrombus 

Two specimens of p)loric stenosis and two of hour-glass deformity 
showed active ulcers with no evidence of healing The dense scar 
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Fig 9 — Course of cases of penetrating ulcer observed with repeated roent- 
genographic examinations 


tissue forming the outer layer of the lesion represents a protective 
reaction of the organism but does not seem to aid repair of the ulcer 
itself In fact, by pinching off the blood vessels and nerves it may 
conceivably interfere with repair 

In thirty-nine specimens of duodenal ulcer, however, eight showed 
convincing microscopic evidence of predominating reparative processes 
While the active ulcers showed essentially the same lesions as the 
gastric specimens (although smaller m size and depth), these eight 
specimens showed no zones of exudate or necrosis The defect m the 
mucous membrane, from 2 to 5 mm m diameter or in the form of a 
narrow, elongated, puckered slit, was formed by delicate granulation 
tissue, which seemed to arise from the stroma of superficial glands and 
often had a papillary arrangement In two instances, a single layer of 
epithelial cells was found growing from the glands of the adjacent 
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mucosa downward into the defect and covering the delicate granulation 
tissue Beneath the healing ulcer, denser connective tissue and muscle 
bundles were found drawn upward toward the surface The Brunner’s 
glands were seen on either side, but they seemed to play no part m the 
process of repair, having apparently been destroyed at the site of the 
ulcer during the active stage 

Two specimens of small duodenal ulcers with diverticulum forma- 
tion showed necrosis still going on in the ulcer Here, as in hour-glass 
deformity, the protective connective tissue contraction had not tended 
to actual healing 

roentgenographic evidence of course of peptic ulcer 

JUDGED BY DISAPPEARANCE OF NICHE 

During the last two or three years, we have had the opportunity of 
observing the roentgenographic behavior of a small group of gastric 
and duodenal ulcers From the large mass of hospital material, we have 
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chosen this group, because, small as it is, twenty m all up to date, each 
case has been continually under our clinical observation In addition, 
we have had more than one roentgenographic examination during the 
attack, in the intermission period and, when the opportunity offered, at 
the onset of recurrent symptoms In this way, we have been able to 
collect data and draw conclusions which can be compared with those 
deduced from the pathologic examination of resected specimens 

Occasional mistakes are undoubtedly made m which persistent peris- 
taltic naves, overlying shadows of barium filled intestines, perigastric 
adhesions or localized spasms give a false impression of a penetration 
from within the viscus In general, it may be said that the disappear- 
ance of a visible roentgenographic niche, as a sign of a penetrating ulcer, 
runs parallel with the clinical improvement m the course of the case, 
just as reappearance of the roentgen- ray evidence of the penetration 
occurs simultaneously with the recurrence of active symptoms 
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Several competent observers have hesitated to accept the disappear- 
ance of the niche as a sign of healing in an ulcer Hollander G reported 
a case in which the resected specimen showed an active ulcer though 
the niche was no longer present Many have warned against interpret- 
ing eveiy projection m the contour of the stomach, as outlined with 
opaque meal, as a certain evidence of a penetrating ulceration One 
may allow for a percentage of error in the interpietation of the 
roentgenographic films, but the peicentage is probably very small 
Repeated roentgen-ray examinations m the same case at various intervals 
go a great distance in automatically controlling such errors When one 
observes, m a fair number of cases, a definite parallelism between the 
clinical facts and the roentgen-ray evidence, one is sorely tempted to 
minimize theoretical objections and to consider the niche as a sign of 
ulcer and its disappearance as presumptive evidence of its healing 

Whether the disappearing penetration means a fully healed ulcer, 
a scar, or merely a filling of its crater with granulation tissue as a 
temporary stage toward the healing process remains for future studies 
to disclose The thoroughness of the healing process, that is, the filling 
of the cratei with new- formed connective tissue and the regeneration 
of the mucosa, undoubtedly depends on the length of the intermission 
period or the final permanency of the cure Until some one is fortunate 
enough to be able actually to show the stomach of an individual in which 
an observed niche has disappeared, there will always remain some 
healthy doubt as to the exact significance of the phenomenon The 
observation of this group of twenty cases with repeated loentgen-ray 
examinations has furnished the following data 

1 The niche disappeared completely m ten cases (Figs 7, 8 and 9 
and table), and partially in two additional instances In eight of the 
twenty cases, neithei the niche nor the clinical symptoms were bene- 
ficially affected by the course of treatment 

It may be that with a more persistent and more caiefully super- 
vised theiapy the results would have been better The refractory 
patients had all been refened to the hospital wards and had leceived bed 
rest, alkalis and a modified form of Sippy treatment Ohnell 6 7 reports 
a far larger percentage of success m such cases, and Buscher 8 lecently 
reported, m a series of 100 cases, seventy-one m which the niche com- 
pletely disappeared, fifteen m which it diminished, eleven in which it 
remained unchanged, and thiee m which it disappeared only to reappear 
with the next attack of pain 

6 Hollander, Edward Fallibility of Roentgenologic Evidence of Healed 
Gastric Ulcer, J A M A 80 29 (Jan 26) 1923 

7 Ohnell Acta raed Scandmav 53 706 (Jan ) 1921 

8 Buscher, J Arch f Verdauungskr 31*327 (July) 1923 
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Our own small series includes some patients with the most difficult 
examples of chronic callous ulcer, such as are known to haunt for years 
the wards and outpatient departments of large city institutions 

2 Of the cases in which the niche either disappeared or diminished, 
four patients were between the ages of 20 and 40 years and eight were 
between 40 and 60 

It is a significant fact that all the cases of failure to influence the 
size of the niche and prevent recurrence occurred in persons aged 45 
or more Most of them were between 50 and 60 years old 

3 We are impressed with the fact that the shorter the duration of the 
symptoms at the time that medical treatment was begun, the better the 
chance for healing Thus, all our cases in which treatment was instituted 
within from two to four weeks of the onset of complaints, four in 
number, reacted favorably with disappearance of niche and symptoms 
Of four patients complaining from one to six months, three completely 
cleared up and one showed a persistent niche 

On the other hand, the impression is gained that cases with long 
standing histones give less favorable results Of the twelve patients 
complaining from six months to ten years or more, in only four did the 
penetration disappear In one additional case, the ulcer presumably 
healed but broke down within a month, the niche reappearing The 
remaining seven chronic patients were not influenced by treatment Con- 
sidering these twelve chronic cases as a subgroup, we note that three of 
the four favorable patients were less than 45 years of age, while of the 
eight unfavorable patients six were more than 45 years of age 

Again analyzing these long standing cases, we see that those with 
long intermissions between attacks heal more readily On the other 
hand, in patients that have long continued, intermittent attacks, with 
short intervals of relief, the ulcer can occasionally heal, particularly when 
the patient is not advanced in years 

4 The clinical couise of gastric ulcer is further well exemplified in 
the instances in which apparent cure was followed by a recurrence of 
symptoms and a reappearance of the niche In one case (Case 8), the 
niche disappeared and complete relief from symptoms was observed 
for eighteen months The patient returned to the clinic with recurring 
symptoms only slightly over one week in duration An immediate 
roentgen-ray examination demonstrated the niche to be already present 
Hematemesis shortly ensued A thorough course of medical treatment 
resulted in cessation of all symptoms and again m the disappearance of 
the roentgenographic penetration In a second case (Case 13), complete 
relief from symptoms for six months was followed by reappearance of 
the niche and of clinical symptoms These patients were aged 50 and 58. 
respectively In another case, a penetrating ulcer of the lesser curvature 
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disappeared under medical treatment, the patient feeling well for some 
months A recun ence of symptoms for some days was followed by a 
sudden peifoiation of the same ulcei A subtotal gastrectomy lesulted 
m cure 

From a study of such cases, one is led to the conclusion that peptic 
ulcers probably heal under medical treatment, healing being moi e success- 
ful m younger persons and m those with a shoi t clinical history Healing 
also is possible m piotracted cases m which the free intervals are long 
m duration and the attacks mild If one assumes with Ohnell that 
forty and one-half days is the aveiage length of tune necessary for the 
disappearance of the niche and, hence, for healing, then all the cases m 
which the fiee interval is more than six weeks m duiation have a 
greatei predisposition and tendency to heal Cases m which the symp- 
toms ai e continuous 01 m which the intei mission penods aie less than six 
weeks, represent chronic callous, unhealing ulceiations 

Unfortunately, such physiologic healing is not always permanent, for 
reulceiation may take place, and thus, as m Case 8 of this senes, one sees 
exemplified the rather customaiy history of ulcei ation followed by dis- 
appearance of the niche, a long free interval and again ulceration, to be 
again followed by disappearance of the penetration In both these 
cases, the niche reappeaied at approximately the same point on the 
gastric wall as on the previous occasion, from which one might deduce 
that the so-called healed ulcer lemams as a locus mmoiis ■> esistentiae, 
evidencing a tendency to break down again and form a new ulcer m the 
same scar or in the granulating wound of the pievious ulcer 

THE BEHAVIOR OF PEPTIC ULCER IN THE STOMACH WHICH 
HAS BEEN OPERATED ON 

Those who are privileged to study and observe the behavior of 
peptic ulcer after operation will find in this opportunity a wealth of 
mateual which throws much light on the life cycle of ulcers That 
ulcers can and do heal after simple gastro-enterostomy is amply demon- 
stiated, not only by a fair percentage of clinical cuies aftei such an 
operation but also by necropsy observations, made years after, of patients 
whose death has been due to some mtercurrent disease Surgeons who 
are forced to open the abdomen in such cases for secondaiy causes often 
find the scars of such healed ulcerations Just what percentage of 
gastric or duodenal ulcers are cured by gastro-enterostomy remains 
today a much mooted question, the percentages lepoited by various sur- 
geons ranging from 30 to more than 90 per cent, and depending to a 
great extent on the thoroughness with which the follow-up has been 
prosecuted and the open-mindedness or the bias of the critical observer 
That gastro-enterostomy is a sure cure for all cases is, however, being 
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more and more questioned The best example of the constitutional 
tendency continually to recreate ulcers m the same or m new situations 
in the gastric wall is to be seen m the cases of recurrence of the original 
ulcer months or years after gastro-enterostomy, and in that large and 
increasing problem of what to do for gastrojejunal and jejunal ulcers 
It is not unlikely that most ulcers, particularly duodenal ulcers, heal at 
least partially after such an operation, for, in the largest percentage of 
cases, an interval of freedom from symptoms and apparent cure follows 
the surgical procedure On the other hand, the not inconsiderable per- 
centage in which this period is followed by one of lecurrence of all the 
symptoms, including hemorrhage, bears mute witness to the fact that 
many such ulcers either heal incompletely or heal only to break down 
again m spite of the anatomosis Years may elapse before the recurrent 
ulceration occurs, in one of our cases as long as six years intervened, 
but the tendency to recur is there nevertheless 

The lecurrence of a lesser curvature ulcer after cautery or knife 
excision is another not infrequent manifestation of the constitutional 
tendency of an ulcer to reform in an imperfect scar The impressive 
problem of the gastrojejunal ulcer looms larger daily It is variably 
estimated that gastrojejunal ulcer occurs in from 2 to 16 per cent or 
more of all cases of gastro-enterostomy for ulcer The high mortality 
m secondary operations for the relief of such secondary ulcerations 
makes this chapter of gastric surgery one demanding much serious 
attention, particularly from the point of view of preventing its 
occurrence 

The stories of some of the lamentable subjects of repeated surgical 
operations are very valuable when viewed from the angle of the life 
cycle of the ulcer and its underlying ulcer bearing constitution One 
type of case is that in which, following a palliative gastro-enterostomy, 
the original gastric or duodenal ulcer heals but a new gastrojejunal ulcer 
forms Another type of ulcer is that in which reperforation of the same 
ulcer has been noted years after the original operation Still another 
group, though small, is that m which the original duodenal or gastric 
ulcer heals after gastro-enterostomy, but some time later operation is 
required for a chronic callous ulcer elsewhere in the gastric wall Similar 
is the group in which, following the excision of a gastrojejunal ulcer, a 
second gastrojejunal ulcer forms But the most interesting group from 
the standpoint of reulceration and healing is the following 

This group comprises three cases in which gastro-enterostomy had 
been performed for a gastric or a duodenal ulcer Following this expedi- 
ent, renewed symptoms required relaparotomy At such a second opera- 
tion, the original ulcer (lesser curvature of stomach or duodenum) was 
seen to be entirely healed, but a gastrojejunal ulcer had formed In view 
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of the fact that the original ulcer had healed, the gastro-enterostomy was 
undone, and the original physiologic condition restored Sometime subse- 
quently, renewal of severe symptoms led to a third laparotomy, at which 
operation it was noted that in all three instances the primary ulceration 
had recurred, and m the identical site In the case with the lesser curva- 
ture ulcer, it had recurred on the latter curvature and both duodenal 
cases showed renewed duodenal ulcerations These examples are pro- 
foundly striking m that the)'' show that, even though an ulcer is appar- 
ently well healed after a gastro-enterostomy, a return to normal condi- 
tions again brings into play the factors that had created and will again 
create the original ulcer 

Subtotal gastrectomy removes the ulcer bearing area of the mucosa 
of the stomach and the first portion of the duodenum, and leaves an 
anacidity permanently established m the remainder of the viscus Since 
one cannot operate on the constitution of the patient, it would seem to 
be advisable, in the interest of the patient, to perform such a surgical 
procedure as will guarantee removal of not only that ulcer but also the 
milieu for the recurrence of a new one This, subtotal gastrectomy 
seems to do 

SUMMARY 

1 Chronic peptic ulcers may form within two or three weeks of the 
onset of symptoms This conclusion is based on the history of the 
patient, the observation of the recurrence of a niche within two weeks of 
recurrence of the symptoms, and, finally, on the ease with which such 
short timed ulcers can be made to disappear under medical treatment 
(from ten days to two weeks) 

2 Chronic ulcers achieve their maximum size within a few weeks 
and do not thereafter extend their borders 

3 Pathologic and roentgenographic evidence indicate that healing 
m the intermission stage does progress The degree of healing and its 
permanency depends on various factors The younger the individual and 
the shorter the history, the greater the tendency to healing Cases with 
long intermission periods and with mild attacks heal more readily than 
those with continuous active symptoms An ulcer m a person over 
45 years of age can heal only with difficulty 

4 Histologic evidence indicates that healing takes place by the filling 
of the crater of the ulcer with firm granulation tissue, by retraction of 
the musculans, by contracture of the opening and by regeneration of the 
mucous membrane We have no pathologic specimen of gastric ulcer 
in which complete healing has taken place We have several specimens 
indicating the healing of duodenal ulcers m the intermission stage 

5 Cases of duodenal ulceration m which there has been hemorrhage 
seem to heal most readily 
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6 Neither pathologic evidence of healing nor roentgenographic 
demonstration of the disappearance of the niche is to be considered as 
proof of clinical cure Ulcers may readily heal m the intermission 
stage but, unfortunately, show a tendency to break down again, probably 
at the same site A certain number of ulcers eventually heal completely, 
others do not, and these become surgical cases 

7 The mishaps after gastro-enterostomy furnish many illustrations 
of the constitutional tendency of ulcers to reform m the same or in new 
sites of the stomach wall Thus, recurrence in situ after local removal, 
recurrence of the original ulcer after apparent healing resulting from 
gastro-enterostomy (the large number of gastrojejunal ulcers) and, 
finally, the recurrence of the original healed ulcer when the gastro- 
enterostomy must, for some reason, be undone — all these point to the 
advisability of performing such an operation for ulcer as shall remove 
not only the ulcer but also the ulcer-bearing mucosa, namely, the opera- 
tion of subtotal gastrectomy 



GASTRIC MOTOR ACTIVITY IN PATIENTS 
WITH PEPTIC ULCER » 

MARIE ORTMAYER, MD 

CHICAGO 

In any repoit of experimental wotlc on chronic peptic ulcer, the 
method of ai riving at a diagnosis of ulcer is important I chose twenty- 
nine patients who piesented ( a ) carefully elicited clinical histones of 
attacks of legulaily reaming epigastnc distiess with definite 1 elation to 
meal taking, (b) lelief from pain by eating, by emptying the stomach 
and by alkalis (all of these repeatedly demonstiated during a ten or 
fourteen day period of hospital obseivation while on a diagnostic “test- 
out”), 1 and (c) complete relief from pam while on ulcer treatment 
This lasted for foui weeks in the hospital and continued for months at 
home (The follow-up on these patients extends over from one to two 
yeais m the Sippy routine ) 

The above named conditions (a, b and c ) were all charactenstically 
present m the twenty-nine patients In addition, (cl) a number had 
gastnc peristaltic waves and other evidence of chiomc obstiuction at the 

t The work on twenty-nine patients reported here was begun at the sug- 
gestion and under the supervision of Dr B W Sippy, several years ago, when 
the writer was doing postgraduate study on the service of Dr Sippy in the 
Presbyterian Hospital of Chicago The clinical material at my disposal during 
these years was abundant Theiefore, only such patients as were found 
peculiaily adaptable to the experimental work were selected for the study 
Private cases, largely those of Drs B W and A F Sippy, weie used 

1 In the Sippy routine of gastro-mtestmal diagnosis, patients are subjected 
to rigid preliminary observation and study m the hospital The distress that 
develops during this period of observation is carefully analyzed and shown to 
be consistent with the distress of ulcer before a diagnosis of ulcer is made 
For example, it is actually determined that when the distress attributable to 
ulcer does appear, it comes on an appreciable time after eating an ordinary 
meal and not while eating or immediately after eating, but usually from one 
to three hours afterward It is also determined that the distress is relieved 
in a characteristic manner by a small meal, consisting of two eggs, a cereal, two 
glasses of milk and some bread and butter, likewise, by the administration of 
adequate quantities of alkali or other chemical agents that have acid neutral- 
izing properties On other occasions when the distress is at its height, or 
when distress is present at a time when the stomach normally should be 
empty, a stomach tube is used to ascertain if food and gastric secretion, m 
quantity and quality compatible with a diagnosis of ulcer, are present m'the 
stomach and if the emptying of the stomach gives characteristic relief to the 
pain The painstaking accuracy with which a diagnosis of ulcer was made 
by Dr Sippy was recognized by all who observed his work, and can be surmised 
by those who read his scientific articles 
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outlet, such as is obtained by finding a retention on motor meals, or 
sarcmae in stomach contents, (e) a number had blood in the stools which 
disappeared later on ulcer management, and some gave a history of 
hematemesis , (/) twenty-three of these patients showed unmistakable 
duodenal or gastnc defects typical of ulcer by roentgen-ray examination, 
and nine of them were proved at operation The rest showed suggestive 
roentgen-ray findings or were unsatisfactory because of poor visualisa- 
tion of the duodenum, due to its position 

Recently, reviewing the hospital charts of these patients, it seemed 
reasonable to believe that the diagnosis of peptic ulcer would remain 
unquestioned by medical and surgical clinicians versed in the diagnosis 




Fig 1 (Case 1) — A, peristalsis, during pain period, before alkali administra- 
tion , at the two signals on base line, pain was momentarily aggravated , B, type of 
peristalsis, when pam had completely disappeared, following alkali administration 

of ulcer, because of the combination of signs and symptoms in the patients 
used for the work 

The investigation was conducted as follows A patient previously 
diagnosed as suffering fiom peptic ulcer was studied during an attack 
of typical pam At the onset of pain (as a rule fiom one to three 
hours after eating), the patient swallowed a small balloon, such as is 
ordinarily used to record gastric peristalsis m the method developed by 
Dr A J Carlson Dr A Luckhardt of the department of physiology 
at the University of Chicago gave helpful suggestions on the technical 
side of the investigation The balloon is connected by means of rubber 
tubing to an air-bromoform manometer, which, through a rising and 
falling pointer, records mtragastric changes m pressure on the smoked 
paper of a revolving drum (kymograph) Cardiac beats and the respi- 
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lations aic supenmposed on the gastnc peristalsis by this method The 
lecoid of stomach penstalsis was continued for fiom one to one and 
one-half horns Patients were asked to record any changes m pam, 
eithei mci eases 01 deci eases, thiough an electnc magnet As a xule, the 
pam continued steadily or gradually increased, rarely decreasing in 
seventy foi ovei one-half houi At that time, with the balloon in situ, 
patients weie given by mouth chemical neutralizing agents m sufficient 
dosage to neutialize stomach acidity, usually fiom 30 to 60 giams (19 
to 3 8 gm ) each of sodium bicarbonate and calcium carbonate The 
tiacmg was continued without aitificial change of pressure in the 
balloon system (except m a few foi accidental leasons) foi thnty oi 
foity minutes longei 



Fig 2 (Case 2) — A, type of peristalsis, when pain was quite severe, before 
alkali administration, B, aftei alkali administration, when pam was gone 


It was oiigmally planned to have patients swallow a Rehfuss tube as 
well as the balloon, simultaneously to check the acidity, but it was early 
demonstrated that the effort to swallow the balloon during an active pam 
period tended to make these patients vomit, so we abandoned the Rehfuss 
tube Since we were pnmarily intei ested m the penstalsis, not m the 
acid figuies, at from two or three to ten hour intervals following ordi- 
nary meals, we were content with knowing that all these patients had had 
high free acid findings on othei occasions, as shown by Ewald, motor 
meals, and aspiration At the end of the tracing, practically all the 
patients were aspirated Usually the contents withdrawn contained food 
eaten at the previous meal, and the majority showed no free acid with 
dimethylaminoazobenzol, indicating that enough neutralizer had been 
given to control free acidity from the time of administration to the end 
of the tracing 
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RESULTS 

1 Of twenty-three tracings made during active distress periods, 
although the pain was invariably completely relieved after giving the 
neutralizer, (a) nine showed no change in peristalsis after the soda 
bicarbonate and calcium carbonate were given, (b) ten showed varying 
increase of peristaltic activity after the neutralizer, ( c ) three showed 
decreased peristalsis after the neutralizer, and ( d ) one showed 
decreased peristalsis for twelve minutes and then increased, beyond the 
prealkah period 

2 Of two tracings made during active distress periods m which 
the neutralizei did not relieve the pam completely, both showed no 
peristaltic change after the soda bicarbonate and calcium carbonate 



Fig 3 (Case 3) — A, peristalsis, when pain was present, before alkali adminis- 
tration {PA, pain momentarily aggravated) , B, when pain was gone, after 
alkali administration 

The distention caused by the carbon dioxid gas, formed in quantities from 
the combination of hydrochloric acid with the large doses of neutralizer used, 
undoubtedly made it difficult for the patients to distinguish the last remnants 
of the typical ulcer distress from the discomfort caused by the distention 
Without this overdistention of the stomach, Dr Sippy demonstrated that 
distress attributable to ulcer, unassociated with pain producing complications, 
such as perigastritis, is invariably completely relieved in from five to fifteen 
minutes by an adequate quantity of neutralizer In the future, it is planned to 
gne calcined magnesia, which liberates no carbon dioxid, together with smaller 
doses of carbonate in place of the large doses of soda bicarbonate and calcium 
carbonate used in these experiments 

3 Of four tracings taken during distress free periods in ulcer 
patients, two showed an increase of peristalsis following a neutralizer, 
the other two showed no change 
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4 Nineteen showed no change in general tone following soda bicar- 
bonate and calcium carbonate (as measured by the average distance of 
the tracing from the base line) In the remaining ten, there were 
aitificial interruptions requiring small changes m the air-bromoform 
apparatus 

CRITICISM 

It is ideal to check the acidity and peristalsis simultaneously through- 
out the experiment This was not accomplished because human beings 
in pam make poorer experimental animals than pain fiee human beings, 
and untrained patients poorer experimental animals than trained labora- 
tory workeis, man or dog 
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Fig 4 (Case 4) — A, peristalsis, when pam was severe, before alkali adminis- 
tration, B, when pain was gone, after alkali administration When the acid 
findings were concomitant, the peristalsis showed (a) a moderate but definite 
increase after alkali, and (b) no relation to seventy, mildness or absence of 
distress Free acid was highest when the pam was severest, lower when the pam 
was mild, and absent when the pam was gone The findings were 6 43 p m , 
severe pam, very low tonus, free hydrochlonc acid 95 , 6 52 p m , pam mild, 
long tonus waves, free hydrochlonc acid 44 , 7 03 p m , pam mild, long 
tonus wave, free hydrochlonc acid 50, 7 10 p m, pain gone, second type 
peristalsis, free hydrochloric acid 0, 7 43 p m, pam absent, low tonus wave, 
and free hydrochlonc acid 0 

The balloon in the fundus method does not record the entile 
peristaltic cycle Reynolds and McClure of the Peter Bent Brigham 
Hospital, m 1922, stated that “the balloon method does not accurately 
recoi d fluoroscopic observations ” This method cannot record all that 
is going on in the stomach, such as double or triple peristaltic contrac- 
tions, or local or pyloric spasms It is admitted that it records changes 
of pressure in the fundus Indeed, it records very delicate changes in 
pressure m the fundus, as is shown by its record of the heart beats 
against it Prepyloric contractions may not cause changes of pressure 
m the fundus sufficient to register through the balloon, but it seems 
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probable that they do It is likewise difficult to see how any peristaltic 
wave traversing the antrum would fail to i egister on the balloon 

Lastly, we must be careful in drawing conclusions as to the actual 
factor responsible for the varying changes in gastric peristalsis which 
were observed m sixteen of the twenty-nine patients following soda 
bicarbonate and calcium carbonate Changes in types of penstalsis 
during digestion may occur in normal and abnormal human beings at 
varying times when short records, such as these, aie taken 

COMMENT ON MAIN THEORIES OF CAUSE OF PAIN 
IN PEPTIC ULCER 

Before drawing conclusions from this series of tracings, it may be 
profitable to leview briefly the chief theories of the cause of pain in 
peptic ulcer 




Fig 5 (Case 5) — A, peristalsis, when pain was present, before alkali 
administration, B, when pain was absent, after alkali administration 

One conceives that the free hydrochloric acid has something to do 
with the pam when the ulcer is in an “irritable” state This idea is 
founded on the universal observation that when the hydrochloric acid 
is reduced oi completely neutralized by alkalis or food, or removed by 
emptying the stomach of food and secretion, the pain of uncomplicated 
ulcer disappears The foregoing experiment neither proves nor dis- 
proves this theory 

Carlson, Ginsberg Tampowski, Hamburger and Hardt have claimed 
that active peristalsis is lesponsible for the pam and that the alkali, by 
affecting peristalsis, gives lelief of pam in ulcer They have attempted 
to prove this by taking tracings on ulcer patients while the pam of ulcer 
is present and at other times when it is not present 
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Drawing conclusions from his tracings, Carlson thought that the 
peristaltic contractions were felt as pain when the ulcer is m an “irri- 
table state/’ while similar peristalsis might go on without conscious 
sensations at other times when the tissues were less irritable His work 
was done on stomachs that were being aspirated at intervals through a 
Rehfuss tube, so that they contained no food and, at times, very small 
amounts of secretion 

Hardt believed that by demonstrating more active types of peristalsis 
during the pam periods m a few patients, he had proved that the peri- 
stalsis was the cause of the pam Then Carlson, who had shown that 
many things, such as water, acid and alkalis, put into the stomach 
temporarily inhibited peristalsis, concluded by indirect reasoning that 
alkali stopped the pam of ulcer by inhibiting peristalsis Not one of 
them has ever given quantities of alkali adequate to neutralize the free 
hydrochloric acid during an ulcer distress period when food and secretion 
were present in the stomach and noted the effect on peristalsis, as the 
writer has done Only four of the twenty-nine patients repoited m this 
study showed decreased peristalsis after the neutralizer, a result m no 
way justifying the theory of the foregoing workers 

Carlson has thought that “tonus,” even of normal variety, is felt as 
pam when an ulcer is m the “irritable state ” Why a neutralizer like 
calcined magnesia should allay this irritability m so perfect a fashion as 
it does and magnesium sulphate, which does not combine with hydro- 
chloric acid, should not (both, m addition, being decided stimulants to 
the intestine) is a known fact difficult to reconcile with Carlson’s 
interpretations 

Hamburger and Ginsberg have suggested that increase of tone is 
responsible for the pam and that alkali changes tone, but have offered no 
direct proof This experiment shows that there is regularly no change 
of tone after the administration of soda bicarbonate and calcium 
carbonate 

Another theory is that localized spasm at the site of the ulcer is 
responsible foi the pam of ulcer No direct proof for this conception 
is at hand 

Spasm at the pylorous or first portion of the duodenum with “inten- 
sified tonus usually” is conceived to be responsible for the pam by the 
above mentioned workers, but again the proof, even a method for proof, 
is lacking In 1 oentgenographic observation, although hyperpenstalsis, 
reverse peristalsis and irregular peristalsis are easily observed, it is very 
difficult to demonstrate pylorospasm, according to Reynolds and 
McClure, who reported a very thorough piece of radiographic work on 
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sixteen ulcer patients 2 Pylorospasm, according to them, is always inter- 
mittent They concluded that motor disturbances of the stomach or 
pyloric region are almost invariably associated with ulcer pain In 
some of these cases, however, the peristalsis remained unchanged after 
the pain stopped or changed to abnormal type There was, m other 
words, no such unfailing correspondence m change of peristalsis, during 
pain free periods, as there is unfailing relief of pain, when sufficient 
neutralizer is administered to an ulcer patient 

Any theory of motor phenomena as the cause of pam m ulcer, except 
that of continuous localized spasm, is at variance with the clinical obser- 
vation that the distress of ulcer, when present, is usually continuous The 



Fig 6 (Case 6) — A, peristalsis, when pam was severe (the patient groaning) 
before alkali administration , signals on base line indicate that pain was especially 
aggravated at these points, B, peristalsis, when pain was entirely relieved, after 
alkali administration 

patient himself often describes his pam as gnawing or boring, not as a 
“spasm ” That patients with peptic ulcer, during their severest pain 
periods particularly, have exacerbations of pam superimposed on the 
less acute but continuous distress is well known, however One can 
conceive that these exacei bations might fit m with the periodicity of the 
peristaltic contractions Hardt has shown tracings m which the patient 
signaled his greatest distress each time that the kymographic pointer 
approached the summit of a wave In the tracings reported here, the 
patients were quite regularly unaware of these exacerbations at the 
height of the wave curve In one tracing, there seemed to be fair 

2 Rejmolds, L , and McClure, C W Motor Phenomena Occurring in Nor- 
mal Stomachs, in Presence of Peptic Ulcer and Its Pain, as Observed Fluoro- 
scopically, Arch Int Med 29 1 (Jan ) 1922 
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correspondence between the wave and exacerbations of pain In another, 
m which probably tire highest waves of any obtained were recorded, 
there was some correspondence, but there also were shown aggravations 
of pain without accompanying waves and vice versa In still a third 
patient with very active peristalsis, the waves themselves were felt as a 
"turning over” sensation m the abdomen even after the neutralizer was 
given and pain stopped, but the pain itself had no definite relation to 
the peristalsis at any time during the tracing 

It has alwa) s been difficult to explain the quick, unfailing relief to 
the pain of peptic ulcer obtained by giving a sufficient quantity of 
neutralizer, by emptying the stomach or by eating on the basis of motor 
actmty alone It would seem that a similar quick change m motor 




Fig 7 — A, peristalsis before alkali administration, B, after alkali administra- 
tion, no pain throughout 

phenomena should be demonstrable It also is difficult to conceive how 
soda bicarbonate, calcium carbonate or calcined magnesia could depress 
localized spasm so completely and quickly, without affecting general 
motor activity as well, though it is conceivable that they might m this 
way relieve ulcer pam, if local spasm were the cause 

CONCLUSIONS 

In this series of experiments there is no evidence that soda bicar- 
bonate and calcium carbonate relieve the pain of ulcer through lowering 
tension or tone or through decreasing peristalsis of the stomach, so far 
as either of these factors can be recorded by the method used 

The fact that, in ten of the twenty-three tracings, varying increases 
of peristalsis were recorded, and m four, only decreases following the 
neutralizer is not of sufficient significance in so small a number of 
tracings as to rule out the factor of the possible coincidence of peristaltic 



432 


ARCHIVES OF INTERNAL MEDICINE 


changes that may occur m the progress of digestion m ulcer patients 
If one attached significance to the increase in peristalsis following alkali 
shown m ten, one would again need to explain the absence of any change 
in nearly as great a number (nine) 

Carlson has shown that peristaltic activity of the stomach is present 
when food and secretion are in the stomach, but that it is most active in 
the fasting stomach Dr Sippy showed, in innumerable hospital tests, 
that the pain of uncomplicated ulcer is present only when gastric content 
in adequate quantity and quality is present in the stomach In the opinion 
of the writer, the pam and the peristalsis are probably coincidental 
The foregoing expenments do not bear out the theory that the peri- 
stalsis causes the pam There probably are a number of lesponsible 
factors, none of them as yet definitely proved or known 

5414 Eastview Park 
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Physiology of the colon 
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Treatment 
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INTRODUCTION AND DEFINITION OF TERMS 

The subject of ulcerative colitis of unknown etiology has received 
comparatively little attention since the condition was first described by 
Wilks 1 and White 2 Its prevalence and rapid spread in asylums m 

'’'These investigations were made possible through the liberality of Mr 
W D Thornton m establishing the Thornton Research Fund AH the cases 
described are taken from the service of Dr Jerome M Lynch at St 
Bartholomew’s Hospital 

1 Wilks, S, and Moxon, W Lectures on Pathological Anatomv Ed 2 

1875, p 408 ’ 

2 White, W H On Simple Ulcerative Colitis and Other Rare Intestinal 
Ulcers, Guy’s Hosp Rep 45 131, 1888 
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England at that time, particularly m those for the insane, was made the 
subject of investigation by a special medical commission In a review 
of these accounts, one cannot help thinking that many cases of asylum 
dysentery described m the early English reports were really bacillary or 
amebic dysentery 3 In 1902, Vedder and Duval 4 5 6 proved that epidemics 
of dysentery occuiring m American institutions were caused by Bacillus 
dysentej me Moreover, m 1904, Eyre G proved that the epidemics 
occurring in English institutions were caused by Bacillus dyscntenae 
Between the years 1901 and 1904, 1,155 cases occuired in the London 
county asylums, 266 of them being fatal Yet in spite of stringent 
attempts at isolation and disinfection, there was no diminution in the 
incidence of the disease 8 The difficulty of isolating Bacillus dysentei lae, 
except at the onset of acute cases of bacillary dysentery, because of the 
rapidity with which this organism is outnumbered by Bacillus coh, 
makes it seem quite likely that a great many cases of ulcerative colitis 
might commence as a specific infection but rapidly pass over to a non- 
specific type Knobel, Ackland, Targett 7 and others suggested that 
the condition might be a trophic neurosis associated with disease of the 
nervous system The strong resemblance of symptoms and lesions with 
absence of any etiologic factors, in the English cases, lead us to conclude 
that the majority, if not all, of them could be classified under nonspecific 
ulcerative colitis The distinct separation of this type from bacillary 
dysentery was recognized by such eminent observers as Osier and 
Allchin 

The terms “asylum dysentery,” “idiopathic ulcerative colitis,” 
“innominate ulcerative colitis,” “simple ulcerative colitis” and “ulcerative 
colitis” have been used to describe what is apparently one and the same 
condition Because of the lack of evidence pointing to the presence of 
a definite etiologic factor, Lynch has applied the name of “nonspecific 
ulcerative colitis” to this group of cases Our acceptance of this title 
will, of necessity, bar consideration of ulcerative conditions of the colon 
having any of the following etiologic bases 

1 Constitutional disease — Bright’s disease, gout, pneumonia, lead 
poisoning and cardiac disease 

3 Gemmel, J F Idiopathic Ulcerative Colitis, 1898 

4 Vedder, E B , and Duval, C W The Etiology of Acute Dysentery m 
the United States, J Exper Med 6 181-205, 1902 

5 Eyre, J W H Asylum Dysentery m Relation to B Dysenteriae, 
Brit M J 1 1002-1004, 1904 

6 White, W H, cited by Albutt and Rolleston System of Medicine 
(Diseases of the Colon) 3 826-840, 1907 

7 Quoted from Tuttle, J P Diseases of the Anus, Rectum and Pelvic 

Colon, 1906 pp 180-183 
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2 Specific bacterial or protozoal ulcerative conditions— typhoid, 
ameba histolytica dysentery, bacillary dysentery, tuberculosis and 
syphilis 

3 Malignant disease 

4 Trophic disturbances due to interference m the nerve supply of 
the colon 

5 Mechanical trauma — hard feces and foreign bodies 

6 Vascular changes— embolism of the superior mesenteric artery 
and cirrhosis of the liver 

GROSS AND MICROSCOPIC ANATOMY OF THE COLON 

Gi oss Anatomy — In man, the colon starts in the right iliac region as 
a dilated pouch, the cecum, into which the small intestine opens, passing 
the ileocecal valve From the cecum, the colon passes up toward the 
liver, then transversely across the upper part of the abdominal cavity to 
the spleen and finally downward to join the rectum at the rectosigmoidal 
sphincter The average length of the colon is 22 inches (55 5 cm ) 
The cecum and ascending colon are usually only partly covered by 
peritoneum, while the lemamder of the colon possesses a mesenteiy 
The sigmoid flexure or pelvic colon is the narrowest portion of the 
colon and is mobile by reason of its long mesentery Commencing at 
the base of the appendix and surrounding it is a layer of longitudinal 
muscular fibers which, as it passes upward on the colon, forms three 
flat longitudinal bands, each being about 12 mm in width These bands 
are about one-sixth shorter than the intestine proper and thus cause 
sacculation of the colon The mucous membrane of the colon is smooth 
and raised into folds corresponding to the spaces between the sacculi 

The arterial supply of the colon is derived from the superior and 
inferior mesenteric branches of the descending aorta, the former supply- 
ing the cecum, ascending and right part of the transverse colon, the 
latter supplying the remainder of the transverse and all of the descending 
colon, sigmoid flexure and part of the rectum The arterial branches m 
the wall of the colon do not freely anastomose Free anastomoses 
usually occur by a series of loops which lie close to the mesenteric 
borders of the colon In the sigmoid flexure, the anastomoses usually 
occur nearer the base of the mesocolon The superior mesenteric vein 
follows the general course of the aitery and unites with the splenic 
vein behind the neck of the pancreas to form the portal vein The 
inferior mesenteric vein begins as the superior hemorrhoidal of the 
rectum and usually empties into the splenic vein 
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The lymphatic supply of the colon follows the course of the blood 
vessels According to Jamieson and Dobson, 8 the lymph nodes can be 
divided into the following groups 

1 The epiploic nodes, which lie on the intestinal wall and in the 
appendixes epiploicae, being especially numerous in the pelvic colon 
These dram into Groups 2 and 3 

2 The paracolic nodes, which he along the mesenteric border of the 
colon 

3 The intermediate groups, which he along the arteries 

4 The mam groups middle colic, lying on the middle colic artery, 
and left colic, lying on the left colic artery near its origin and on the 
terminal portion of the mesenteric vein These nodes dram into the 
superior mesenteric, celiac and lumbar nodes The inferior mesenteric 
group lies on the artery and drains into the lumbar glands which drain 
the pelvic colon 

Some of the lymphatics of the left portion of the transverse colon 
dram into the nodes at the hilum of the spleen through the gastrocolic 
omentum 

The nerve supply to the colon is derived from the sympathetic 
plexuses around the branches of the superior and inferior mesenteric 
arteries 

Min oscopic Anatomy — The colon consists of four coats 

1 Mucosa, made up of a simple columnar epithelium with goblet 
cells resting on a basement membrane, beneath which is the tunica 
propria containing capillaries and diffuse lymphoid tissue Externally 
is the muscularis mucosae The glands are of the simple tubular type 

2 Submucosa, containing solitary follicles 

3 Muscularis, consisting of an internal circular layer (especially 
thick m the intervals between the sacculi and forming the internal 
sphincter of the anus) and an outer longitudinal layer forming the 
bands, or taeniae, above described 

4 Serosa, derived from peritoneum, covering the sigmoid and cecum 
completely, the ascending and descending colon in front and at the sides 
and the transverse colon almost completely 

PHYSIOLOGY OF THE COLON 

Hertz 9 finds that, m man, it requires about two hours for food to 
pass from the ileocecal valve to the hepatic flexure, and about four and 

8 Quoted from Mummery, P L Diseases of the Colon, 1910, pp 7-8 

9 Hertz, A H The Passage of Food Along the Human Alimentary 
Canal, Guy’s Hosp Rep 61 389-427, 1907 
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a half hours to teach the splenic flexure From this point, the food 
material advances very slowly toward the rectum It requires from 
sixteen to seventeen hours for food to pass from the splenic flexure 
to the lower end of the sigmoid, and six hours to pass through the 
sigmoid, as compared with four and three-eighths hours for movement 
through the 20 feet (50 cm ) of small intestine Cannon 10 divides 
the large intestine into two parts In the first corresponding to the cecum, 
ascending and tiansverse colon, the most frequent movement is anti- 
penstalsis The fluid or semifluid material is forced back toward the 
small intestine, the entrance to which, however, is guarded by the ileo- 
cecal valve The object of this delay is primarily for the absorption of 



Fig 1 — Projection of outline of colon on abdominal parietes 

water and secondarily to complete the process of digestion The impor- 
tance of fluid absorption is evident from the phenomenon of intense thirst 
displayed by patients having a right inguinal colotomy According to 
Keith and Mummery, the cecum bears the same relationship to the large 
intestine as the stomach bears to the small intestine In some of the 
lower animals, the cecum is actually the mam organ of digestion In 
the second portion — the descending colon — the food material, which is 
now quite solid, is moved on by peristaltic waves towaid the rectum 
The motor nerve fibers leave the cord m the second to fourth sacral 
nerves, and reach the colon through the hypogastric plexus The 
inhibitory fibers probably leave the cord in the lumbar nerves and reach 
the colon through the sympathetic chain and inferior mesenteric 
ganglions The type of movement in the colon is generally held to be 

10 Cannon, W B The Movements of the Intestines Studied by Means 
of the Roentgen Rays, Am J Physiol 6 251, 1902 
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the same as in the small intestine, except for the relative infrequency 
in the former a local rhythmical constriction and a progressive 
peristaltic movement According to Hertz, 9 fecal material is normally 
absent from the rectum except just before defecation The sigmoid 
flexure acts as the noimal fecal reservoir The feces are retained m 
the rectum by the tonicity of the internal and external sphincters, the 
latter being m greater tone than the former With distention of the 
rectum by the feces, there arises the normal stimulus to defecate, which 
act is effected by peristaltic action of the colon and rectum, occurring 
simultaneously with relaxation of the sphincters and fixation of the 
diaphragm 

It is interesting to note that the normal mucous membrane of the 
colon does not possess ordinary tactile or pam sensation The latter is 


Table 1 — Compai atwe Figuies of Frequency of Nonspecific 
Ulceiatwe Colitis 


Hospital 

Period 

Years 

Number of Cases 

St Bartholomew’s Hospital, Non York City 

1920-1923 

approximately, 3 

41 

Guy’s Hospital, England 

London Hospital, England 

1888-1907 

20 

50 

1894-1908 

15 

22* 

Royal Free Hospital, England 

1883-1907 

25 

2 

St Bartholomew’s Hospital, England 



24 

St George’s Hospital, England 

1883-1900 

23 

19 

St Mary’s Hospital, England 

1884-1907 

23 

19 

St Thomas’ Hospital, England 

1883-1908 

25% 

SO 

University College Hospital, England 

18S3-190S 

25 

38 

Westminster Hospital, England 

1884-1908 

25 

42 


* Based on postmortem reports 


also absent from the visceral peritoneum The parietal peritoneum and 
the mesentery of the colon, however, do possess pam sensation The 
mucous membranes of the lower part of the rectum also possess definite 
pam sensation Violent peristalsis will also produce pam due to muscular 
contraction of the intestine 

CLINICAL ASPECTS OF NONSPECIFIC ULCERATIVE COLITIS 

Incidence — During the period of thirty-four months (December, 
1920, to October, 1923), our records show a total number of forty-one 
cases of nonspecific ulcerative colitis (combining the private records of 
Dr Jerome M Lynch and those of St Bartholomew’s Hospital) 

Table 1 gives a comparison of our figures with those of other institu- 
tions As stated above, the English figures probably include some cases 
of bacillary dysentery, but, because of the incomplete or doubtful 
bactenologic data, they could not be excluded 

The relatively greater frequency shown by our figures is probably due 
not to any increase in the incidence of nonspecific ulcerative colitis, but, 
rather, to greater care in recognition of the disease 
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Age —The age at the time of onset of symptoms, in our series, is 
shown m Table 2 

Analysis of the figures m Table 2 shows the greatest incidence 
(70 per cent ) between the ages of 20 and 40 years, as summarized m 
Table 3 

Our figures correspond to those reported by other institutions, e g , 
Guy’s Hospital, average age, 35 8 , London Hospital, 37 , St Bartholo- 
mew’s Hospital, 39.2, St Thomas’ Hospital, 70 per cent between 20 
and 45 years , University College Hospital, forty out of fifty-one patients 

Table 2— Age Incidence of Nonspecific Ulcerative Colitis in 
Foity-One Cases 


Case Number 

Age, Tears 

Case Number 

Age, Tears 

1 

31 

22 

15 

2 

3 

29 

24 

23 

24 

25 

34 

4 

40 

25 

45 

5 

30 

26 

27 

6 

61 

27 

17 

7 

27 

2S 

35 

8 

36 

29 

52 

9 

33 

30 

21 months 

10 

29 

31 

36 

11 

26 

32 

50 

12 

23 

33 

43 

13 

30 

34 

29 

14 

32 

35 

24 

15 

34 

36 

50 

16 

18 

37 

28 

17 

29 

38 

60 

18 

32 

39 

41 

19 

35 

40 

23 

20 

43 

41 

34 

21 

22 




Table 3 — Summaty of Age Incidence 

Age 

Number of Cases 

Less than 20 years 

4 

From 20 to 30 years 

16 

From 30 to 40 years 

12 

From 40 to 50 lears 

6 

Over 50 years 

3 


between 20 and 40 years, Westminster Hospital, thirty-one out of 
forty-two patients between 20 and 40 years 

Sew — In our series, sex incidence was as follows male, nineteen, 
female, twenty-two, the single women numbering eight and the married 
fourteen 

It will be seen that both sexes were affected about equally, and 
married women more than single women 

Mortality — Five of our patients died Patient 20 of pneumonia, 
Patient 22 of acute infection of the small intestine, Patient 27 of acute 
dilatation of the stomach following ileostomy ; Patient 41 of perforation 
of the cecum with general peritonitis , Patient 8 of postoperative vol- 
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vulus of the small intestine Of course, a short follow-up period of 
three years would not justify one m drawing any conclusions from 
these figures, especially because of the susceptibility of these patients to 
reinfection from time to time 

Residence — We have been able to elicit no evidence pointing to an 
infection (bacterial or protozoal), endemic or epidemic Almost all our 
patients came from localities in which hygienic conditions were good, 
and none traveled to any extent 

Family Histoiy — No patient gave a history of similar disease in 
any other member of the family 

Occupation — The great variety of occupations in which these 
patients were engaged makes this source of origin of the disease seem 
quite unlikely Most of the patients had more or less sedentary 
occupations not requiring extensive contact with persons or with poi- 
sonous materials 

Table 4 — Incidence of Pievious Illness Having Possible 
Etiologic Relationship 


Associated with, or possiblj followin', operation for fistula (Cases 5 and 35) 2 

Indiscretion in diet, especiallj sugar or milk (Case 6) 1 

Constipation (Oases 11, 19, 1 and 4) 4 

Nervous shock (Case 12 ) 1 

Following operation for hemorrhoids (Cases IS and 14) 2 

Following operation for appendicitis (Case 17) 1 

Following operation for ovarian tumor (Case 9) 1 

Following attack of acute colitis (Case 20) 1 

Associated with ulcerative condition of mouth and purulent eruptions on skin (Case 27) 1 

Hyperthyroidism (Case 33) 1 

Influenza (Case 34) 1 

Associated with attacks of indigestion (Cases 3S and 39) 2 


In the remaining twenty-three cases, the patients could not definitely 
associate the onset of the disease with any other condition They 
were apparently quite well It is interesting to note that six of the 
eighteen cases in Table 4 followed operations, and four of these were 
on the rectum “Indiscretion in diet” (Case 6) might be included 
under “attacks of indigestion” (Cases 38 and 39) possibly causing 
ulcerative colitis through the local irritating action of ingested food or 
m the process of elimination of metabolic food poisons through the wall 
of the colon Severe constipation is undoubtedly a factor, in that hard 
fecal masses may mechanically injure the wall of the colon The 
nervous influences at play m hyperthyroidism and “nervous shock” may 
possibly exert their effects by means of the excessive peristalsis and 
diarrhea often associated with these conditions Case 27 is very inter- 
esting in that this patient seemed to have a susceptibility to ulcerative 
conditions all over the body He eventually died with involvement of 
the small intestine This patient conesponds to the type described by 




LYNCH-FELSEN—ULCERA TIVE CO LI TJS 


441 


Tuttle as the anemic, broken down person suffering fiom some other 
form of disease or exhausting condition 

Mummery 11 cites a case of nonspecific colitis which staited as an 
acute specific dysentery The protozoal agent, however, soon dis- 
appeared, and only Bacillus coh or streptococci could be demonstrated 
as possible etiologic agents Similar observations have been made by 
Lynch 12 

Yeomans 18 describes a series of sixty-five cases, thirty-seven of 
which had no etiologic basis Of the remainder, five gave a history 
of amebiasis, six of dietary indiscretion, five of severe constipation and 
three of exposure 


Table 5 — Dmation of Symptoms in Tim ty-Fwe Cases Bcfoie Coming 

Undo Obscivation 


Case 

Duration 

Case 

Duration 

1 

5 years 

20 

1 year 

2 

9 years 

22 

2 years 

3 

2 years 

23 

2 years 

4 

2 weeks 

25 

5 weeks 

5 

4 jears 

26 

1 year , 

6 

15 years 

27 

2 years 

7 

8 months 

28 

1 month 

8 

14 months 

29 

2 years 

9 

20 years 

30 

8 months 

10 

2% yeais 

31 

6 months 

11 

2 jears 

33 

18 months 

12 

10 months 

34 

18 months 

14 

10 years 

35 

4 j’ears 

15 

3 weeks 

38 

18 months 

10 

9 months 

39 

10 years 

17 

18 

2 years 

40 

1 year 

1 j'cni 

41 

5 weeks 

19 

4 yeais 




Mode of Onset — Of those cases giving a definite time of onset, 
twenty-one were gradual and seventeen acute The first symptoms or 
signs noticed by the patients were as follows bloody stool m seven cases , 
dianhea and bloody stool m seven cases, abdominal pam, six cases, 
abdominal pam and diarrhea, four, abdominal pam and bloody stool, 
three, mucus and blood in stool, three, pus and blood m stool, two, 
diarrhea, two, and constipation alternating with diarrhea m one case 
It will be noted that most of the cases were of rather long duration, 
indicating that the infection, if present at all, must have been subacute 
In fact, the cases which came under our observation early were all 
sevei e 


11 Mummery, P L The Operative Treatment of Ulcerative Colitis 
Brit M] 1 4 97 (April 10) 1920 

12 Lynch, J M Diseases of the Rectum and Colon, 1914, p 334 

13 Yeomans, F C Chronic Ulcerative Colitis, J A M A 77 2043 (Dec 
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Clinical Pictw e — The acute cases often begin with severe diarrhea 
and colicky or griping pam, usually referred to the front of the abdomen 
As a rule, however, the onset is gradual, with passage of blood and 
mucus in the stool The abdominal pam, if severe at first, may entirely 
disappear in a short time, only to recur after a period varying from 
several minutes to hours Relief is usually obtained by movement of the 
bowels, especially if accompanied by passage of flatus Tenesmus may 
be present if the rectum is involved The passage of blood, mucus and 
pus by rectum is characteristic of ulcerative colitis According to 
Hurst, 14 when the pelvic colon and rectum alone are involved, the stools 
may be solid In other cases, diarrhea alternates "with constipation 
Often a patient will complain of frequency and urgency, but does not 
feel satisfied at stool There still remains a more or less constant 
desire to defecate In many cases, vomiting is a troublesome symptom , 
m others, frequency of micturition is evident The constant loss of 
blood, accompanied by passage of great quantities of water and 
undigested food in the diarrheal stools, soon leads to loss in weight, 
anemia, anorexia and marked weakness In many cases, the patient is 
bedridden sallow in appearance and often desperately ill There is an 
accompanying hyperpyrexia, usually not very high, varying around 
100-102 F , by rectum, except when a complication exists Death 
usually occurs from exhaustion 

The foregoing description applies to an average fairly acute case 
All sorts of variations occur Some of our patients, while under obser- 
vation m the hospital, ran no fever at all Some have only two or three 
bowel movements a day Loss of weight is a very constant feature, 
one patient (Case 18) losing 35 pounds (15 9 kg) within one year 
In many patients, one may feel what is often described as a “thicken- 
ing” of the cecum and sigmoid, probably due to a hypertonic state of 
the muscular coat Pressure on the sigmoid will often produce a desire 
to defecate 


ANALYSIS OF SPECIAL SYMPTOMS AND SIGNS 

D'miihea — This symptom, while usually occurring early, ensues quite 
regularly sooner or later m all cases showing ulcerating lesions any- 
where above the rectum It is probably due to excessive peristalsis, 
which is, m turn, brought about by the irritating effect of intestinal 
contents on the exposed nerves of open ulcers Mummery found that 
a traumatic stimulus to the intestinal mucosa, such as nipping it with 
the end of a pair of forceps, always resulted in a marked peristaltic 
contraction, which was always local The diarrhea may vary from a 


14 Hurst, A F Ulcerative Colitis, Guy’s Hosp Rep 71 26 (Jan ) 1921 
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few stools each day to twenty or more The largest number of stools 
are passed usually m the morning, and the first movement may be 
almost solid One or more bowel movements occur after each meal , 
When the pelvic colon and rectum alone are involved, the stools may 
be solid In a number of our cases, constipation alternating with 
dianhea was the rule (Cases 28 and 30) Sometimes there is a long 
histoiy of slight bowel irregularity, with occasional passage of mucus 
and blood One patient (Case 35) was constipated throughout his 
illness 

Chm acta of Stools —The stools aie most often fluid, dark brown 
and foul When accompanied with blood, the latter is usually also fluid 
and bright led, indicating its recent origin Some patients note the 
presence of blood, especially after a penod of constipation We have 
often noted that the bloody stool may occur independently of the 
diarrheal condition The blood is not thoroughly mixed with the stool, 
and, when the latter contains much fluid and only some fecal material, 
the solid pai tides may be specked with blood Occasionally, small or 
laige recently detached clots may be passed The mucus may be clear 
or turbid from admixtuie of pus Hale White describes the occasional 
presence of shreddy sloughs, which, under the microscope, appear to be 
quite structui eless and show an occasional epithelial cell or leukocyte 

Examination of the feces show's that the food material has been 
fairly well digested, except m cases in which the ileum is involved 
Here much undigested staich and proteid (meat fibeis) aie present, 
the stools are offensive, and a great deal of flatus is passed 15 The feces 
are usually alkaline in reaction except when a great deal of carbohydrate 
fei mentation has occurred 

Abdominal Pam — Most of our patients complained of a colicky 
abdominal pam just befoie defecation or, rather, the pain v r as always 
accompanied by a desire to defecate Movement of the bowels usually 
brought relief, especially if accompanied by the passage of flatus One 
of our patients (Case 22) complained of frequent abdominal pam, 
without any desire to defecate Occasionally, the symptoms are rather 
those of great frequency and urgency (Case 23) Tenesmus is present 
usually when the rectum is involved In one of our very interesting 
cases (Case 25), the pam was more maiked after stool, radiating up 
the back and down both thighs After passage of blood and mucus, 
there was always a feeling of unfinished stool Case 34 gave a history 
of blood and mucous diarrhea entirely unaccompanied by pam In most 
patients, the attacks of abdominal pam are short lived, but recurrence is 
the rule 


IS Schmidt, A I Khmk der Darmkrankheiten, 1921 
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Abdominal Tenderness — Only one patient (Case 41) in our senes 
gave evidence of abdominal tenderness Postmortem examination 
showed the piesence of a perforation of the cecum close to the base of 
the appendix 

Incontinence — Four cases (Cases 38, 41, 26 and 39) of the more 
severe type showed incontinence for long periods during their illness 
The loss of sphincter control is often associated with severe debilitating 
chronic diarrheal conditions 

Vomiting — In two cases (Cases 39 and 12), this symptom was a 
tioublesome one Vomiting is not a constant feature m nonspecific 
ulcerative colitis, and, if present, is probably due to the absorption of 
toxic material from the intestine 

Loss in Weight — This is noted in practically every case, and often 
becomes a serious factor m the prognosis Table 6 indicates the result 
of a suivey of our series 


Tmile 6 — Loss of Weight in Nine Cases 


Case 

Loss m Pounds (Kilograms) 

Period 

3 

11 

(5) 

8 months 

fi 

20 

(9) 

6 years 

8 

10 

(4 5) 

lVi years 

9 

19 

(8 6) 

1 year 

13 

25 

(11 3) 

5 months 

18 

35 

(15 9) 

1 year 

20 

50 

(22 7) 

7 years 

20 

35 

(15 9) 

1 year 

33 

17 

(7 7) 

1% years 


Two of our patients showed no loss m weight The remainder, not 
included m Table 6, lost weight, but no fairly accurate estimate could be 
made It should be lemembered that many of these patients place them- 
sehes on a veiy restricted diet and this, m conjunction with loss through 
diarrheal stools, often leads to marked reduction m weight 

Fevei — Three of oui patients (Cases 20, 21 and 33) expenenced 
chills, either at the onset of the first attack or dui mg recurrence Most 
cases show a moderate rise m temperature, the average being some- 
where between 100 and 101 F Some cases show an absolutely normal 
temperature curve Sharp rises will occur, however, with complications, 
such as perforation or intramural abscess Figure 2 is illustrative of 
rises in temperature due to the formation of intramural abscesses 

In the average patient, the affection seems to run a rather subacute 
course with little or no hyperpyiexia One patient (Case 15), who subse- 
quent!)'' became entirely well, ' ran a temperature of 95 F on two 
occasions 
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Sigmotdoscoptc Ea animation— As only one of oui cases came to 
necropsy, the following descriptions of individual cases may be of 
interest 

Case 1 —The mucosa of the colon was very boggy and bled easily The 
entire field was covered with purulent and bloody exudate Above 8 cm , no 
bleeding was seen, but a whitish fluid was present 

Case 3 — Scattered irregularly over the rectum and a large part of the 
sigmoid, sometimes m groups, elevated irregular papules with whitish necrotic 
tops were to be seen The mucosa also showed some irregular, small, clean 
ulcers There appeared to be an unusually small amount of inflammatory 
reaction present 

Case 4 — The mucous membrane showed irregular ulcerations (denudation) 
There were also elevated granulation areas surrounded by depressions, m 



Fig 2 (Case 16) — Temperature chart in case of intramural abscess A 
similar condition occurred at the time of this patient’s previous admission, 
when the temperature rose rather suddenly fiom 99 to 103 F, lasting twenty-four 
hours and coming down, by lysis, during a period of about a week 

which pus might be seen The ulcers partially surrounded the bowel m several 
places 

Case 5 — The internal sphincter muscle was almost destroyed (previous 
operative procedures) On digital examination, one could detect a “lumpmess” 
of the bowel, with intervals of smooth mucosa as far as the fingers could 
reach On the left side, parallel with the 8 or 9 o’clock position of a clock 
hand, was a large inflammatory mass The bowel was covered with mucus, 
pus and blood, principally in the inflamed region The inflamed area seemed 
to follow the course of the blood vessels on the outside There were some 
lincai, serpiginous inflamed areas Here and there, one saw prominent longi- 
tudinal masses, about the size and shape of the first phalanx of the index 
finger, composed of pinkish granulation tissue which was almost cartilaginous 
to the touch 

Case 7— The mucosa was very red and angry looking, and was covered 
with great quantities of mucus There were a few scattered ulcerated areas 
to be seen The entire mucosa bled very easily 
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Case 10 — The mucosa was edematous and vesicular and oozed a sero- 
sanguineous fluid It bled easily, and was covered irregularly by a floceulent, 
grayish white membrane On the edge of the valve was seen a definite shallow 
ulcer Grayish white spots floated on top of the serous exudate, giving the 
mucosa a speckled appearance 

Case 16— Many small ulcers were present, extending from the sigmoid to 
the anal margin Some of these ulcers were covered with whitish membrane, 
but the majority were filled with granulation tissue When membrane is 
present, it is stained with blood and, on removal, leaves a raw, denuded surface 

Case 18— Segmental infection was present, beginning at a point 9 cm from 
the anus and extending up to 30 cm The rectal area showed evidence of 
previous infection There were denuded ulcerated areas extending from a 
point about 12 cm from the anus to the apex of the sigmoid, and probably 
much higher In the rectum, these ulcers circumvented the wall A large 
amount of reddish, thick fluid was present (blood and detritus) At about 
10 cm , there was a partial stenosis through which exuded an admixture of 
pus and blood 

Case 21 — The mucosa of the colon was extremely red, of granular appear- 
ance, and covered with pus, mucus and blood This condition existed as far 
as one could reach with the sigmoidoscope, and probably extended as far as 
the cecum 

Case 24 — The rectal and sigmoidal mucosa appeared to be acutely inflamed 
An occasional ulcer might be seen At a point just above the internal sphincter 
on the left side, there was an ulcerated area 4 cm in length The entire 
inflamed region was covered with pus and blood All the ulcers were necrotic 
and irregular 

Case 31 — In this case, almost all the lesions were confined to the rectum 
Here, the mucosa appeared red, boggy and edematous The slightest pressure 
caused pain Numerous long, sharply defined ulcers were present In some 
places, the mucosa was covered by a whitish membrane which resembled 
macerated skin Most of the ulcers were on the anterior surface of the rectum, 
which was covered by a large quantity of pus and blood 

Case 33 — The colon was covered by a thick exudate Epithelial cell masses 
floating on the top of this fluid gave the bowel a bosselated appearance On 
remm ing the exudate, the wall presented a granular appearance The mucosa 
bled easily 

Case 36 — The mucosa was very edematous Clusters of papules were 
irregularlv distributed from the anus to the sigmoid These could be seen 
in their various phases, beginning with papules and going on to vesicles, papules 
with necrotic tops and papules with regular craters having a smooth round 
wall, sloping symmetrically toward the center In places, the lesions had 
reached the ulcerative stage, especially on the edge of the first valve Here, 
the ulcerative process was irregular and had a tendency to extend circum- 
ferentially rather than longitudinally The whole area was covered by mucus, 
pus and serum 

Case 38 — Ulcers were seen scattered here and there, interspersed with polyps, 
varjing in size from 1 to 20 mm There was also seen one granular, confluent 
ulcer covered with exudate, which consisted of blood, mucus and pus At a 
point 7 cm from the anus, there was a stricture 6 cm m length 

The foregoing cases have been chosen as illustiating the variety of 
lesions one may expect to see m the course of sigmoidoscopic 
examination 

Blood Changes — Most cases present a secondary anemia of moderate 
set eritt Cases have been reported, however, in which the anemia has 
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been so se\ere as to lesemble pernicious anemia Tlnee of our patients 
(Cases 20 30 and 34) showed a maiked anemia and two of these (Cases 
20 and 30) subsequently died of pneumonia The figures for these tw o 
fatal cases were as follows Case 20 hemoglobin 3S per cent and 
erytlnocytes, 2 300000 per cubic millimeter. Case 30 hemoglobin 35 
per cent', and erythrocytes, 2 160 000 per cubic millimetei 

Miscellaneous Laboiatoiy Data — In only one case (Case ol was 
there am history or laboratory evidence of syphilitic infection Dec 7 
1912, the blood and spinal fluid gave a positive Wassermann leaction 
The spinal fluid showed a cytology of 181 cells per cubic millimeter, 
and globulin was present April 14, 1914, after intensive aisphenamm 
therapy , the blood and spinal fluid examinations pioved entnely negative 
Spinal fluid cytology was 4 cells pei cubic millimeter and globulin was 



Fig 3 — Sigmoidoscopic picture m idiopathic ulcerative colitis absence of 
gianular appearance of mucosa 

absent The onset of illness occmred one yeai latei and all examina- 
tions seemed to point to the nonspecific nature of the colon infection 

Most of our cases showed some albumin and occasional casts in the 
urine at some time dining the period of observation Blood chemical 
studies, gastric analysis and basal metabolism determinations pi ov ed to 
be negativ e 

Roentgen-ray examinations may show absence of normal haustiation, 
mottling of the wall due to ulceration and abnormal nan owing of the 
intestine due to spasm 

DURATION VXD COURSE Or NONSPECIFIC ULCERATIVE COLITIS 

If one disregaids the duration of acute attacks and bases his estimate 
entirely on sigmoidoscopic or operativ e findings he w ill be impressed by 
the great vanations in the duration and course of this infection Much 
depends on the type of tieatment instituted Patients left to heal spon- 
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taneously without medical or surgical intervention almost invariably 
fare badly Others on whom the proper treatment has been instituted 
may clear up in a few weeks or go on for years with periodic acute 
exacerbations Some do not get along no matter what procedure is 
followed, and this applies especially to cases which have come under 
observation late m the disease, when the infection has already spread 
to the small intestine Undoubtedly, the factor of individual resistance 
to disease plays a great part in the healing process m ulcerative colitis 
The poorly nourished, weakly, sallow patient almost always has a hard 
struggle to overcome this condition Recurrence and chromcitv are 
typical of nonspecific ulcerative colitis Yeomans 13 reports an average 
duration of two months In our series, the average period of duration 
was ten months if reckoned from the date the patients first came under 
our observation and treatment until complete healing occuired, as 
evidenced by the sigmoidoscopic examination and disappearance of 
symptoms 

Table 7 — Dmation of Disease fiom Time Tieatment Was Instituted 

Until Appaient Cwe 


Case 

Duration 

Permanence to Date 

1 

1 montli 

1% years 

2 

3 months 

7% years 

3* 

2 months 

1% years 

7 

1 month 

1 month 

9 

2 years 

4% years 

11 

4 months 

3% years 

21 

2 years 

5 years 

31* 

2 months 

5 years 

35 

2% years 

8 years 

40 

1 year 

1 year 


* Subsequent recurrence with recovery 


Sixteen patients were discharged improved, but not entirely healed 
Nearly all of these, for some reason or other, could not remain in the 
hospital long enough to complete treatment Nine patients left the hos- 
pital unrelieved after a short stay (incomplete treatment), and have not 
been accounted for since discharge Five patients remained unrelieved 
and subsequently died 

The clinical course of the disease, aside from the features above 
described, depends almost entirely on the local pathologic condition If 
the lesions are progressive, intramural abscesses of the colon may form 
(Fig 2) Further extension will involve the peritoneum or neighboring 
viscera 

PROGNOSIS 

From our experience with this condition, we are inclined to make 
a rather guarded prognosis as to permanence of cure The brilliant 
results obtained by colonic irrigations tend to make one overenthusiastic 
The ten cases showing complete healing have remained apparently 
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entirely well for periods varying from one to eight years (except a 
recent one, Case 7, which has been followed up for only one month) As 
shown m necropsy reports, there is a tendency for the ulcerative lesions 
to heal spontaneously so that there is a possibility that m mild cases, the 
patients never seek medical attention In any case, one should advise the 
patient of the long, painstaking course of treatment, though one may be 
occasionally agreeably surprised at the rapidity of healing in even the 
most chronic cases 

CAUSES OF DEATH 

The causes of death m our cases were as follows m Case 8, 
volvulvus of the small intestine , Case 20, pneumonia , Case 22, exten- 
sion of infection to the small intestine, Case 27, postoperative (ileos- 
tomy) dilatation of the stomach, Case 41, perforation of the cecum, and 
Case 30, pneumonia 



Fig 4 — Sigmoidoscopic picture in idiopathic ulcerative colitis, granular 
appearance of mucosa 


OPERATIVE FINDINGS 

Case 3— Ileostomy was done The sigmoid and lower 6 inches (152 cm) 
of the ileum was much thickened 

Case 27 —Ileostomy was done The colon was enormously thickened 
Fifteen inches (37 5 cm ) of the small intestine was involved 

Case 21 — Removal of cecum was done The mucosa was acutely inflamed 
and hemorrhagic The entire wall of the cecum was edematous 

BACTERIOLOGY OF NONSPECIFIC ULCERATIVE COLITIS 

A review of the bacteriology of nonspecific ulcerative colitis is a 
study of the bacteriology of the colon Our knowledge as regards the 
latter is veiy limited, 15 as there are any number of organisms m the 
feces which have not yet been identified or definitely classified This is 
especially true of the gram-positive bacillus group It has been observed 
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b> Kendall 16 and others that changes m the intestinal flora depend some- 
what on the diet of the person It is interesting to note the heterogene- 
ous variety of intestinal bacteria in the adult on the usual mixed diet as 
compared with the homogeneity of types found in the nursing infant 
Under normal conditions in the adult, Bacillus coli compuses about 75 
per cent of the viable bacteria of the feces The cecum and the ascend- 
ing colon aie the regions of most intense bacterial giowth in health, but 
the number of In mg bacteria diminish abruptly from the sigmoid to die 
rectum, where the feces are fairly well desiccated 

The stomach, in health, is practically free from bacteria Studies 
by Kendall have shown that the most common bacteria m the duodenum 
are the enterococcus and members of the mucosus capsulatus group As 
we advance down the small intestine the cocci still predominate as far 
as the upper ileum, but a moderate number of organisms of the colon 
group begin to appear In the ileocecal region, the flora is usually 
represented by the aerogenic bacilli of the colon type and spore bearers 
of the mesentenc group In the colon, we obtain facultative- 
fermentative bacteria the colon-proteus group, various aerobic liqui- 
fying bacilli (both spore bearing and nonspore bearing) and some 
anaerobic bacteria The change in bacterial flora, as we advance down 
the intestinal tract, may be of prime importance in explaining the limita- 
tion of the lesions to the colon This phenomenon may also account for 
the comparative immunity of the normal adult to intestinal infection 
To quote Kendall 10 

It is probable that the significance of the intestinal flora lies rather in its 
potential antagonism to alien bacteria, which certainly gain entrance to the 
alimentary canal from time to time, than m any specific participation in the 
normal digestive process of the host The normal intestinal flora may be 
regarded as intestinal parasites, just as the various bacteria which occur 
commonly on the skin are regarded as cutaneous parasites It is important 
to realize that the normal intestinal organisms, like the cutaneous organisms, 
are opportunists, potentially capable of becoming invasive whenever the barriers 
which ordinarily suffice to limit their development to the lumen of the alimentary 
canal become impaired, giving rise to endogenous infection 

It was shown by Levin, who investigated the bacteriology ot intes- 
tinal contents of Arctic animals at Spitzbergen, that, m most instances, 
the digestive tiacts were entirely sterile Thus, it seems quite certain 
that intestinal bacteria are not essential to life If we assume (and our 
assumption may be mcoirect) that the normal dominating oigamsm in 
the colon ( Bacillus coh ) plajs the part of a protector against dangerous 
foreign imaders, then it is logical to suppose that we must look else- 
where than for Bacilhts coh as the etiologic pathogenic agent in ulcera- 


16 Kendall, A. I Bacteriology 1921 
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tive colitis Thus, Herter quotes a case of colitis m which Bacillus coii 
had been replaced b> another oigamsm as the dominant t>pe Recover) 
ensued when Bacillus coh had been again restored Unfortunately, in 
our studies, we hare failed to discover any displacement of Bacillus coh 
from its normal role In general, most bactenologic studies in non- 
specific ulcerative colitis ha\e been very unsatisfactory Table 8 gives 
the results of bactenologic investigation in ele\en of out cases 

PATIIOLOG\ or NONSPECIFIC ULCERATIVE COLITIS 

G) oss Pathology —The pathologic process probably starts as an acute 
inflammation of the mucosa of the colon This is followed by small 
patches of localized necrosis and sloughing oft of the dead mucosa, 



Fig 5 — Sigmoidoscopic picture in idiopathic ulceratne colitis, showing 
tendency of such ulcers to become confluent Such ulcers may even circum- 
scribe the intestinal wall, leaving only small islands of intact mucosa, pus, 
mucus or blood may cover the surface 

leaving an ulceiated area which usually has the submucosa as a base 
Recent ulcers are fairly clean cut, the edges are not undermined and 
vaiy m size, from a few millimeters to extending transversel) aiound 
the colon The tendency is to remain superficial and often adjacent 
ulcers coalesce, forming megular, mapped out areas, with portions of 
intact mucosa between them Often the intact mucosa appeals to be 
undermined by the spreading ulcers, and, becoming edematous gives the 
appearance of polyp formation Hewitt and Howard 17 believe that, as 
healing begins, the margins of intact poi tions of mucosa are smoothed 
oft, and the poljpoid piojections result Often at a later period orifices 
of secreting tubules m the mucosa become blocked oft by contraction of 

1/ Hewitt, J H, and Howard, YY T Chrome Ulcerative Colitis with 
Polyps, a Consideration of the So-Called Colitis Poly posa *{ Virchow ) Arch 
Int Med 15 714 (May) 1915 
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bear tissue resulting m small retention cysts This corresponds to the 
“colitis polyposa cystica” of Virchow In the process of healing, new 
mucosa forms, and very little scarring results Sigmoidoscopic exam- 
ination may reveal only a few puckered areas or pigmented spots m the 
mucosa In the more severe cases, the muscularis may form the floor 
of the ulcer and the peritoneum over this area may be reddened Per- 
foration may occur with local or generalized peritonitis Multiple 
perforations are rare In one of our cases, the cecum was involved, 
and the subsequent infection and necrosis resulted in a sudden extrusion 
of fecal material into the abdominal cavity Some authors have described 
cases m which the colon wall was softened to such a degree that the 
palpating finger tore through it It should be remembered that, m the 

Table 8~Bacteuologic Studies m Nonspecific Ulceiaiive Colitis 


Case 3 — Feces Gram-positive bacilli, 1 per cent , gram-negative bacilli, 55 per cent , gram 
positive cocci 40 per cent 

Case 7 — Purulent material from ulcerated area on colon Heavj growth of coliform bacilli 
practically crowding out the usual gram positive bacteria No streptococci or 
staphjlococei found No Bacillus dysentenae present 

Case 10— Feces Bacillus cob communis obtained in pure culture 

Case 15 —Feces Bacillus coli communis predominate in culture 

Case 10— Feces Bacillus coli communis predominate There are aXo two or three gram posi 
tive organisms present, one of them a spore bearer 

Case 21 — Pus from' cecum removed at operation Bacillus coli communis predominate Gulden 
titled short, slender b itillus and a large diplococcus are also present 

Case 25 — Feces Gram negative bacteria, 15 per cent , gram-positive bacteria 85 per cent 

Case 42 —Pus from rectum Diphtheroid organisms associated with Bacillus coli communis 
No phagocsted bacteria are seen, which suggests that the significant organism 
maj be Bacillus coli communis 

Case 30 —Feces Gram negative micrococcus, unidentified (this patient w ns i baby 21 months 
old) 

Case 32 — Fetes Bacillus coli-communis and staphjlococei predominate 

Case 37— Intestinal e\udate Bacillus proteus, Bacillus mucosus capsulatus. Bacillus coh 
communis and Streptococcus vindans predominate 


average case, one may see ulcers in all stages of development — some 
small, round or oval, superficial ulcers, others iriegulai or deep and 
spreading, and still others m various stages of healing In all cases, the 
mucosa is intensely congested The mesenteric glands are rarely 
involved The small intestine is rarely affected Liver abscess is an 
unusual complication Except possibly for a fatty liver, the lemammg 
organs are in a surprisingly good state in the average case 

It might be well to mention, at this point, a condition often described 
as follicular colitis Here the solitary follicles situated m the mucosa of 
the colon and rectum are the seat of lesion The swollen follicles cause 
a pressure necrosis in the overlying mucosa giving rise to small, rounded, 
well defined ulcers, usually located along the line of the mesentery or of 
the longitudinal folds This condition is fairly frequent in fatal non- 
specific diarrheas of children 
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Hut o pathology— Sections of colon taken from ulcers and sur- 
rounding areas, show, first, an acute inflammation of the mucosa which 
becomes red, swollen and may be the seat of small hemorrhages 
Numeious leukocytes are to be seen The submucosa and musculans 
are infiltrated with leukocytes and plasma cells There is dilatation of 
the blood and lymph vessels Soon the mucosa becomes necrosed and is 
cast off, leaving a very supeificial ulcer The epithelium of Lieberkuhn’s 
crypts may be only the seat of cloudy swelling, 01 else may be destroyed 
m the ulcerative process The mucosa in other areas may be atrophic 
Granulation and foreign body giant cells may be present m ulceiated 
regions 

In folhculai colitis, the pathologic process is similar, except that it 
starts m the solitaiy follicles, which become hypei plastic and mfiltiated 
with small round cells The overlying mucosa becomes necrotic, and 



Fig 6 — Sigmoidoscopic picture in follicular ulcerative colitis, punched out 
appearance of ulcers, which correspond in position to solitary follicles 

the follicle luptures, resulting m a discrete, superficial, round ulcer with 
a flat base 

THEORIES AS TO THE ETIOLOGY OF NONSPECIFIC 
ULCERATIVE COLITIS 

Theones concerning the cause of this obscure condition are still 
rathei vague, but we have often thought of several possibilities 

Constitutional — The frequency with which this disease attacks run 
down, debilitated and insane persons suggests the possibility of some 
undei lying constitutional factor There may be absent from the wall of 
the colon, under abnormal conditions, certain substances which normally 
piotect the mucosa against injury by harmful food substances or pos- 
sibly digestive juices within the colon Some have considered the con- 
dition m the insane as being essentially a trophic disturbance 



454 ARCHIVES OF INTERNAL MEDICINE 

Tiaumatic — The frequency with which intestinal mucosa is exposed 
to mechanical injury suggests this theory There may be only a minute 
denudation of mucosa which could be caused by the edge of an apple 
seed or othei debris Yet this might be sufficient to give virulent patho- 
logic organisms within the intestine an opportunity to obtain a foothold, 
and give rise to inflammation of the mucosa, or the bacteria may play 
a minor part and the digestive juices or proteolytic ferments give rise to 
an ulcerative process 

E\cictoiy — It is possible that toxic substances, metabolic or bac- 
terial, excieted through the wall of the colon can result in ulcerative 
lesions Flexner and Sweet 18 have shown this to be true for the toxin 
of Bacillus dysentcuae 

Bactcnal — As suggested in the discussion on the bacteriology of 
nonspecific ulcerative colitis, under abnormal conditions, pathogenic 
bacteria, which ordinarily he dormant, may suddenly predominate in the 
intestinal flora and exert a direct harmful action on the wall of the 
intestine Occasionally, one receives the impression that even Bacillus 
coh, under certain conditions, may become pathogenic A point m favor 
of this theory is the repoit of success in some cases by the use of Bacillus 
coh vaccine 

TREATMENT 

Medicinal — These measures are directed chiefly toward influencing 
the bactenology of the affected region and to relieve discomfort 

(a) Colon Irrigation Colon irrigations have proved very effectual 
in oui cases and bring about rapid relief or possible cure Various sub- 
stances have been used (silver nitrate, silver nucleinate, boric acid, 
phvsiologic sodium chlond solution, sodium bicarbonate, quinin and 
water), but we have found potassium permanganate, peroxid of 
hydrogen and chloranun-T best Of the the latter three, jiotassium 
permanganate irrigation is our method of choice The colon should be 
as empty as possible before injection The patient is placed in the knee- 
elbow position, with thighs perpendicular to the bed, back concave and 
shoulders resting on the bed (in order to reduce the natural obstruction 
at the sigmoidorectal flexure) The tip of the nozzle is introduced about 
\ l / 2 to 2 inches (3 7 to 5 cm ) inside the rectum, and large quantities of 
potassium permanganate solution are injected — several quarts if possible 
We start with 1 10,000 solution, and gradually work up to 1 5,000 
The irrigations are given three times a day, and retained each time for 
an hour (this is more easily accomplished if the tube is left in position) 

18 Flexner, S , and Sweet, J E The Pathogenesis of Experimental Colitis, 
and the Relation of Colitis in Animals and Man, J Exper Med 8 514-535, 1906 
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It is often surprising what a good result one may obtain by suddenly 
switching from permanganate to peroxid or chloramin-T It is possible 
that these strong oxidizing agents aftect the bacteria directly, especially 
the anaerobes 

(b) Diet The idea is to endeavor to furnish a diet which will 
favor the development ot normal intestinal bacteria Thus, if the flora 
is essentially putrefactive, the proteid should be largely eliminated from 
the diet So, too, in the fermentative diarrheas, the carbohydrates should 
be curtailed 

(c) Ingestion of Harmless Bacteria to Replace Harmful Flora 
Herter 19 was the first to recognize the possibility of introducing desirable 
types of bacteria into the intestine This method has practically 



Fig 7 — Histopathologic picture of typical ulcerated area in case of idio- 
pathic ulcerative colitis, L, ulcerated area, Mu, mucosa, Mm, muscularis 
mucosae , S, submucosa , M and M’, muscularis, and Sb, subperitoneal connective 
tissue In the process of healing, the necrotic tissue is removed, the area 
granulates and epitheliahzes over until, in most cases, restoration of normal 
contour is complete 

narrowed itself down to Bacillus acidophilus This may be taken m 
whey or broth cultures, or m the foim of acidophilus milk The 
pioteids in the diet should be cut down and large amounts of lactose 
administered to help assure permanence of these bacilli m the colon 

(d) Vaccine Numerous observers have reported good results with 
Bacillus coh vaccine, preferably made up of many strains Our experi- 
ence has been very limited 

Serums and antitoxins should be theoretically useful, but, except 'm 
the case of bacillary dysentery, they have not yet been successfully 

19 Herter, C A On Certain Relations Between Bacterial Activity in the 
Intestine and the Indican of the Urine, Brit M J 2 1847-1849, 1897 
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prepared Morphin 01 other opium preparations have been used to 
relieve acute symptoms 

Suigical — Various procedures have been used with more or less 
success These are early appendicostomy or ileostomy, complete trans- 
verse colostomy and, in cases m which the entire colon is involved, 
colectomy 

Complete diversion of the intestinal contents or entire removal of 
the affected area seem to be the most logical procedures, but, unfortu- 
nately, these are usually accompanied by a rather high mortality In 
cases not yielding to medicinal therapy, ileostomy is our method of 
choice At a later period, colectomy is to be preferred 

CONCLUSIONS 

1 A clinical and pathologic review of forty-one cases of non- 
specific ulcerative colitis shows this affection to be a distinct clinical 
entity of obscure origin 

2 In our hands, the best results have been obtained by means of 
colonic irrigations 

Future studies will be mostly devoted to more detailed laboratory 
investigations, with a view to ascei taming a possible specific etiologic 
agent 



THE ELECTIVE LOCALIZATION OF BACTERIA 
IN PEPTIC ULCER * 


RUSSELL L HADEN, MD 

KANSAS CITY, MO 

One of the numeious theories of peptic ulcei is that bacteua aie 
an important etiologic factor Just how gieat a part bacteua play is, 
howevei , a debated and undetermined question Bevan 1 thinks that 
hematogenous septic mfarcts of the mucosa may have a role but aie not 
the common cause Eusteiman , 2 on the other hand, states that “the 
theoiy that infection is the cause of ulcei is admittedly the only tenable 
one at this stage of medical progiess ” Between those two diveise views 
is the classification of Smithies , 3 who divides ulcer fiom the standpoint 
of etiology into ten gioups, and classifies one third of the total number 
as hactenal m oiigm 

Experimental data concerning the infectious theoiy of ulcei are due 
almost entnely to the woik of Rosenow, who has shown that the intra- 
venous injection of stieptococci may be followed by ulcer of the stonrch 
and duodenum, that stieptococci aie commonly found in the ulcer of 
man, and that the injection of stieptococci isolated from the ulcei wall 
as well as fiom foci of infection m patients suffeung from peptic ulcei 
pioduces, when injected into animals, ulcei s of the stomach and duo- 
denum 1 esembhng those of man 4 

The best pi oof of a causal relationship of bacteua to systemic disease 
is the lepioduction of the patient’s lesion m animals by the injection of 
bacteua isolated fiom septic foci m the patient Ability to so repioduce 
lesions is of intei est not only as pi oof of an etiologic relation of the 
bacteua to the disease but also as evidence of a specific tendency of differ- 
ent sti ams of bactei la to cause certain diseases Such a specific tendency 
is die elective localization of bacteua in the sense of Rosenow 

Rosenow, in a mass of experimental woik, has produced convincing 
evidence to suppoit the idea of elective localization The theoiy has not 
found acceptance, however, at the hands of many other lesearch workers 
laigely because few have been able to veufy Rosenow’s expeumental 
lesults I have discussed elsewheie the hteiatuie concerning this point 

'''From the Deaner Institute 

1 Bevan, A D Relative Value of Surgical and Medical Treatment oi 
Gastric and Duodenal Ulcer, J A M A 79 22 (July 1) 1922 

2 Eusterman, G B Minnesota Med 6 698 (Dec ) 1923 

3 Smithies, Frank Significance of Etiologic Factors m Treatment of 
Peptic Ulcer, TAMA 74 1555 (June 5} 1920 

4 Rosenow, EC J Infect Dis 19 333 (Sept) 1916, ibid 19 527 (Oct) 
1916 Rosenow, E C Surg, Gynec & Obst 33 19 (July) 1921 Rosenow, 
EC J Infect Dis 33 248 (Sept ) 1923 
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and repoited a series of eye infections, 5 6 several cases of pyelonephritis ° 
and two cases of multiple onychia 7 8 studied from the standpoint of 
elective localization In these experiments, there was an unmistakable 
tendency of the bacteria to reproduce, on intiavenous injection, the type 
of lesion from which the patient suffered I have pointed out what is 
perhaps the fundamental obstacle to the leproduction of specific lesions 
in animals, namely, the failure of most workers to use culture mediums 
furnishing giaded oxygen tension This point has also been emphasized 
by Rosenow 

Recently, I have been studying a series of patients suffering from 
peptic ulcei to determine whether bacteria isolated from areas of dental 
infection m such patients would tend to produce gastroduodenal lesions 
m animals The results are of interest from the standpoint of the theory 
of elective localization of bacteria and of the infectious origin of 
peptic ulcer 

Rosenow has leported, m several papers, his studies of elective locali- 
zation in peptic ulcer He found that 68 pei cent of 168 animals 
injected with thirty-seven strains of streptococci from patients with 
gastric ulcer had lesions of the stomach, while only 15 per cent of a 
series of control animals injected with bacteria from patients with 
myositis had gastric lesions s Nakamura, 9 working in Rosenow’s 
laboratoiy, injected sixty-six animals with cultures fiom the tonsils m 
cases of gastric ulcer and found gastroduodenal lesions m 70 per cent 
Similai lesions were found in 25 per cent of control animals injected with 
tonsil cultures from other patients Rosenow has made the observation 10 
that the specific tendency to localize in the gastric mucosa may last as 
long as eight and one-half years, when the infecting bacteria are kept 
under anaerobic conditions He also has found that the streptococci of 
ulcer produce free, in broth cultures and likewise m their substance a 
poison that selectively injures the mucosa, since lesions can be produced 
by broth filtrates and by dead cultures 

METHODS 

In the work here reported, I have followed closely certain funda- 
mental technical details insisted on by Rosenow and usually disiegarded 
by those attempting to repeat his work All cultui es have been made in 
glucose brain broth and glucose brain agar, mediums which provide everv 

5 Haden, R L Elective Localization in Eye of Bacteria from Infected 
Teeth, Arch Int Med 32 828 (Dec ) 1923 

6 Haden, R L Am J M Sc , to be published 

7 Haden, R L, and Jordan, W H Arch Dermat & Syph 8 31 (July; 

1923 

8 Rosenow (Footnote 4, second reference) 

9 Nakamura, T Ann Surg 76 29 (Jan ) 1924 

10 Rosenow (Footnote 4, third reference) 
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degree of oxygen tension The exact method of piepaiation has been 
described elsewhere' 5 The ongmal broth cultuies have been injected 
into animals as soon as good growth was obtained This was usualh 
from fifteen to twent)-foui hours after the culture material reached 
the laboratory 

Before exti action, the tooth to be cultured was scrubbed with gauze 
and painted well with tmctuie of 10 dm followed by alcohol The aiea 
of opeiation was walled off with sterile gauze After removal, the tip of 
the tooth was cut off with sterile forceps directly into a test tube contain- 
ing a few cubic centimeteis of steule physiologic salt solution and a 
small amount of sterile sand The tubes weie then well shaken to 
macerate the tissue on the tip of the tooth as completely as possible The 
mediums are inoculated by pouring the salt solution containing the 
suspended tissue into a deep tube of glucose bram agar previously healed 
and cooled to 40 C The tube is quickly inverted twice and allowed 
to harden The small amount of salt solution lemammg m the tube is 
pouied into a deep tube of glucose bram broth The inoculated tubes are 
incubated from twenty-four to forty-eight hours A smear is made 
fiom the broth culture and stained by Gram’s method A transplant of 
the broth cultuie is made to a blood agar plate The appearance ot a 
cultuie in a deep tube of glucose bram agar is shown in Figure 1, B 
This cultuie is fiom the left lateral incisor shown in Figure 1 , A It 
is from one of the patients reported m this series (Case 1), and is of 
special intei est in that the organism will not grow in the strictly aeiobic 
portion of the tube This organism would glow poorly, if at all, on open 
plates Even if a cultuie on open plates weie successful, it is very 
piobable that the tendency to produce specific lesions would have 
been lost 

Rabbits have been injected mtiavenously with the original broth 
cultuie When cultures were taken fiom several teeth from one patiuit 
the several bioth cultures often were mixed before injection The ani- 
mals vaned somewhat m size but averaged about 1,500 gm Each 
animal was given 5 c c of the broth suspension 

The animals weie killed from two to four days after injection, and 
caiefulh examined foi lesions m all organs No lesions were considered 
as present unless plainly visible to the naked eye of at least two observers 
Mici oscopic sections weie made fiom some of the tissues but not as a 
mattei of routine 

EXPERIMENTAL OBSERVATIONS 

Twehe patients have been studied Stieptococci were grown from 
the root tip of one or moie teeth or from aieas of infected bone in each 
case In some cultuies staphylococci were recovered with the stiepto- 
cocci The stieptococci weie usually of the nonhemohtic t>pe In onlv 
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one instance (Case 2) were hemolytic organisms found Some of the 
nonhemolytic streptococci were of the green producing type, others weie 
indifferent on blood agar 

Forty-five rabbits were injected intravenously with the broth cultuies 
At least two rabbits were injected from each patient Twenty-four, 01 
53 per cent , of the animals showed at necropsy lesions m the stomach or 
duodenum or both, as shown m the accompanying table There were 
positive findings m at least one animal from each patient During the 
period covered by these experiments, 535 othei rabbits weie injected 
similarly with cultures from the dental foci of 191 patients not known 
to be suffering from peptic ulcer Of these, forty, or 7 per cent , showed 
at necropsy lesions in the stomach and duodenum This figuie (7 j>er 
cent ) can be taken as the normal incidence of peptic lesions on routine 
intravenous injection apait from any specific tendency to localize 


Localization of Bactcua fiom Dental Infection on Inti avenous 
Injection m Rabbits 






Percentage of Animals Showing Lesions in 


Group 

1* 

2t 

Number 

Animals 

Injected 

535 

45 

Number 

Patients 

191 

12 

Joint 

51 

36 

Stomach 

Endo M 50 and Duo 

Mu«ele Kidney cnrdium cnrdium denum Brain 
21 38 18 11 7 7 

27 22 9 IS 53 4 

Etc 

23 

11 


* Group 1, animals inoculated with dental cultures from patients not known to be suffering 
from peptic ulcer 

t Group 2 animals inoculated with cultures from teeth of patients suffering from peptic 
ulcer 


The table details also the percentage of animals having lesions m 
other organs The animals in Group 2 show a lower percentage of lesions 
in other organs, except the muscle, which is the same, and the myocar- 
dium, which is higher In numerous instances m Group 2, the rabbits had 
no lesions other than those of the stomach and duodenum The fact that 
many animals show other lesions also is no argument against the theory 
of specific localization Many of the patients likewise presented symp- 
toms of other systemic disease of focal origin coincident with the 
peptic ulcer 

The anatomic lesions, as observed grossly, were usually hemorrhagic 
with or without ulceration The lesions in the stomach nearly always 
showed ulceration or at least erosion The hemorrhage m the duodenum 
usually was not followed by gross ulcer formation The course of the 
pathologic process after the initial mj,ury depends largely perhaps on the 
amount of free hydrochloric acid present In some animals, the lesions 
consisted principally of necrosis m the muscle wall, a type of lesion com- 
monly found in the voluntary muscle of the rabbit after intravenous 
injection 
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Sections of the involved paits show hemorrhage, polymoiphonucleai 
mfilli ation and necrosis of the muco«a (Fig 6) The pathologic piocess 
is usual 1) quite diffuse and evidently not usually dependent on 
thiomhosis oi embolism It is often assumed that damage heie b\ bac- 
tena must lesult fiom one oi the othei of these two conditions A stud} 
of the sections does not beai out this assumption This is especially title 
of duodenal lesions Judd 11 has pointed out that vei y commonly patients 
diagnosed clinically as having duodenal ulcer aie found, at opei ation, to 
have a diffuse duodenitis without ulcei ation The lesion observed m the 
duodenum of animals is usually a duodenitis of such a type 

COMMENT 

In this senes, 53 pel cent of the animals showed lesions of the 
stomach and duodenum aftei the intravenous injection of bacteria 
lecoveied fiom chionic foci of infection m dental aieas of patients 
suffering from peptic ulcei Only 7 pei cent of animals similaily 
injected with cultuies fiom patients not known to be suffering fiom 
peptic ulcei developed lesions of the stomach oi duodenum Such evi- 
dence is veiy stiong pi oof of Rosenow’s idea that the bacteria concerned 
m peptic ulcei show a specific tendency to localize m the gastroduodenal 
legion The findings thus suppoit the theory of the elective localization 
of bactei m 

The expei imental data lepoited heie is also good evidence m favoi 
of the infectious ongin of peptic ulcer The frequent manifest improve- 
ment m the patient’s condition following the lemoval of chionic infec- 
tion is the final link in the chain of evidence Such improvement was 
appaient in many cases of this senes 

Anothei point m favoi of the causal relation of chionic focal infec- 
tion to peptic ulcei and also of the theoiy of elective localization is the 
anatomic location of the gastnc and duodenal lesions in the expei imental 
animals It is well lecogmzed that gastric ulcei may occur m any pait 
of the stomach but is much more fiequent m the pyloric legion The 
expei imental gastnc lesions have a similar distnbution Clinically, 
duodenal ulcei is always limited to the fust thud of the duodenum The 
usual explanation given foi this localization is that only m this portion 
is fiee hydi ochloi ic acid present, and that heie the gastnc contents aie 
letamec! longei than m any othei poition of the duodenum In every 
animal but one m which duodenal lesions were obseived, the involvement 
was limited to the duodenal bulb The one exception was a veiy exten- 
sive lesion extending fiom the pylonc ling through the greatei part of 
the duodenum (Fig 4 , 13 ) 

11 ludd, E S Tournal-Lancet 42 381 (Aug 1) 1922 
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Several points in regard to the relation of dental infection to peptic 
ulcer should be emphasized Not infrequently, infection in the maxilla 
or mandible at the site of exti action of teeth haibors organisms that 
are the cause of systemic disease This is well illustrated in Cases 3, 5 
and 10, in this series Often the aieas from which teeth are missing 
are not even roentgenographed 

Usually, the i oentgenologist attempts to translate changes around the 
teeth, as revealed by the roentgen-ray examination, into terms of num- 
bers of bacteria Dental infection is often ruled out because there is 
not roentgenogi aphic evidence of such infection In cultuies, by a quan- 
titative method, of the root tip of over a thousand pulpless teeth, we have 
been able to demonstrate that the roentgenographic negative tooth har- 
bors infection almost as frequently as the roentgenographic positive 
tooth 12 It is apparent that a pulpless tooth should not be ruled out as 
a possible focus of infection on roentgenographic evidence alone 

A very important factor m focal infection is the frequent multiplicity 
of foci Even when such a specific lesion as gastric ulcer is reproduced 
m animals by the intravenous injection of bacteria from a certain focus, 
it is quite possible that other foci might be present and equally active 
Cases illustrating this point have been reported elsewhere 13 

SUMMARY AND CONCLUSIONS 

In a study of twelve cases of peptic ulcer from the standpoint of a 
possible causal relation of dental infection, cultures from foci of infec- 
tion in dental areas were made in glucose brain broth and glucose brain 
agar to provide the optimal oxygen tension The organisms recovered 
were streptococci in pure culture or associated with staphylococci 

Fifty-three per cent of forty-five rabbits injected intravenously with 
the broth cultures from the twelve patients showed, at necropsy, gross 
lesions of the stomach or duodenum 

Seven per cent of 535 rabbits injected intravenously with cultures 
from dental infection of 191 patients not known to be suffering from 
peptic ulcer showed similar lesions 

The experimental duodenal lesions are practically always confined to 
the duodenal bulb 

The results here reported furnish confirmatory proof of Rose- 
now’s theory of elective localization and the infectious theory of 
peptic ulcer 

Dental infection is an important factor in the causation of gastric 
and duodenal ulcer 


12 Haden, R L Radiology, to be published 

13 Haden, R L M Clin N A 7 1109 (Jan ) 1924 
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REPORT Or CASES 

Case 1 — J J W , aged 32, a plumber, gave a typical history of recurring 
attacks of duodenal ulcer over a period of six years The present attack had 
begun five weeks before he was first seen and had been unusually se\ere He 
was m a good state of nutrition The tonsils were small, and no pus could 
be expressed The heart sounds were clear, the pulse was 80-100, the systolic 



Fig 1 — A , lateral incisors, Case 1 , B, culture tube of left lateral incisor, 
indicated by arrow in A 

blood pressure 140, the diastolic 100, the lungs were negative There was 
tenderness in the epigastrium 

The roentgenograms of the teeth showed large areas of bone absorption 
around the lower right and left lateral incisors (Fig 1, A) Cultures showed 
a profuse growth of streptococci which would not grow to the top of the 
culture tube (Fig 1, B ) There was also an area of questionable infection 
at the site of extraction of another tooth 
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Animal Inoculations —Two rabbits were infected with the mixed cultures 
from the two incisor teeth Both were killed the following day One showed 
a massive hemorrhage in the duodenal bulb (Fig 2, A) with no lesions elsewhere 
The other showed one moderate sized hemorrhage in the first third of the 
duodenum and a slight purulent arthritis, with no other lesions One rabbit 
injected with the broth culture from the bone showed only slight involvement 
of the joints 

Case 2— W T G, aged 43, business man, complained of a dull, burning 
sensation in the epigastrium, in October, 1922 The trouble came on one-half to 
two hours after meals and was relieved by food or soda He had frequent 
heartburn but no acute pain or vomiting The physical examination was 
negative, except for tenderness at the tip of the ninth rib in front, and several 



Fig 2 — A, duodenum of rabbit, following the injection of streptococcus 
recovered from the two lateral incisors shown in Figure 1 , B, stomach of 
rabbit following intravenous injection of culture from cuspid shown in Figure 
3, B 

pulpless teeth The tonsils had been removed The patient became symptom 
free on a special diet, until April, 1923, when he presented typical symptoms 
of a duodenal ulcer Gastric analysis showed free hydrochloric acid, 40 per 
cent acidity, and total acid, 65 per cent acidity The roentgenographic exam- 
ination showed marked deformity of the duodenal bulb The sj'mptoms again 
disappeared under treatment Roentgenograms of the teeth, at this time, 
showed three pulpless teeth with root canals completely filled All had some 
bone absorption around the root tip The three teeth were extracted Cultures 
of all m deep tubes of glucose brain broth showed many colonies of bacteria 

Animal Inoculations — Two rabbits were injected with the broth culture from 
each tooth Tuo animals showed no lesions anywhere and two, purulent fluid in 
the larger joints The two rabbits injected with the culture from the upper 
right lateral incisor (Fig 3, B ) died the day following injection There were 
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mam hemorrhagic areas with erosion m the stomach, some of which had 
progressed to ulceration (Fig 2, B) Three other animals were injected with 
the same organism m doses down to 0 5 cc AH showed at necropsi, hemor- 
rhages in the gastric mucosa 

Case 3— H A A, aged 44, a business man, had seieral gastric hemorrhages, 
in December, 1922 For six months preuous to this, he had had indigestion, 
consisting principally of a feeling of fulness after eating A diagnosis of 
duodenal ulcer was made Scieral teeth were extracted at this time Rest in 
bed for one month, milk diet and alkalis entireh relieved the symptoms The 
patient states that he still has indigestion, at times, for which he takes soda 

Roentgenograms, in Tune, 1924, showed one tooth of questionable vitality 
and one pulpless tooth until little roentgenographic evidence of infection At 
the site of extraction of the upper left first bicuspid and first molar, some 
filling material remained, and the surrounding bone showed evidences of 
infection (Fig 3, C) The two teeth w-ere extracted and the infected bone 
curetted Cultures m deep tubes of glucose brain broth agar showed a short 
chain streptococcus m all 



Fig 3 — 4, first molar, show-ing no roentgenographic evidence of infection 
The culture showed an anaerobic streptococcus, w-hich produced gastric lesions 
on mtraienous injection (Case 9) B, cuspid and first bicuspid, Case 2, both 
showing evidence of infection Both teeth showed a profuse growth of organisms 
on culture The organisms from the cuspid tooth produced no gastric lesions, 
while those from the cuspid caused iery marked lesions (Fig 2, B ) C, small 
bits of gutta percha remaining at the site of extraction of infected teeth, 
surrounded by an area of infected bone (Case 3) A pure culture of green 
producing streptococci was grown from the curettmgs wduch, on injection, caused 
the lesion shown in Figure 4, B 

Animal Inoculation — Tw-o rabbits w-ere inoculated with the mixed broth 
cultures One rabbit w-as dead the following morning and show-ed many 
hemori hages in the duodenum The second rabbit was killed This one also 
showed many hemorrhages in the fiist third of the duodenum without lesions 
elsewdiere (Fig 4, A) 

In order to determine whether the area of infected bone might play- a part 
in the causation of the peptic ulcer, one rabbit w-as injected with 5 c c of 
the broth culture from this area alone At necropsy-, twent\-four hours later, 
the duodenum showed massne hemorrhages (Fig A, B) There were no other 
lesions 

C \sc 4 S T, aged 50, a coal dealer stated that he had had three attacks 
of pain in the epigastrium coming on one or two hours after meals The 
pam occurred also at night, and was rebe\ed by food or soda There was 
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no nausea or vomiting The present attack began three weeks before admission 
He had noticed some irregularity of the heart for ten years The previous 
history was negative, except for occasional attacks of rheumatism and gall- 
stone colic ten years before The tonsils had been removed 

On examination, the heart action was persistently irregular, the blood 
pressure was 120, the lungs and abdomen were negative There were many 
crowned teeth, the urine examination was negative, the hemoglobin was 80 
per cent , and white corpuscles totaled 14,000 The fluoroscopic examination 
showed forceful peristaltic weaves and a deformed duodenal cap A diagnosis 
of duodenal ulcer and auricular fibrillation w r as made 

Ammal Inoculations — Six rabbits injected with the broth culture from the 
lower teeth and nine upper teeth showed no lesions anywhere when killed, 
twenty-four hours after injection One rabbit injected with the mixed cultures 






Fig 4 —A, lesion in duodenum following the intravenous injection of mixed 
cultures, Case 3, B, extreme involvement of duodenum following the injection 
of streptococcus from area of residual infection (Fig 3, C) 


of streptococci from the upper left central, lateral and cuspid showed about 
100 hemorrhages in the first third of the duodenum and a few hemorrhages 
in the wall of the pyloric end of the stomach The onfy other lesions found 
w r ere a few small areas of necrosis in the muscle 

Within ten days after extraction, the heart action returned to normal and 
has remained so The stomach symptoms also cleared up 

Case 5 — G W P , aged 47, a merchant, complained of abdominal pain of 
ten rears’ duration He stated that he had had attacks of “dyspepsia” for 
eight or ten years For six months, he had suffered from an aching pain in 
the epigastrium occurring two to three hours after meals He was occasionally 
aw'ahened at night The pain w 7 as relieved by food or soda He had been on 
a milk diet for six months with relief from pain, except at night 
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The general examination was negative The Wassermann reaction was 
negative The blood and urine examinations were negative Roentgenographic 
examination showed a duodenal ulcer Gastric analysis showed free hydro- 
chloric acid, 60 per cent acidity, and total acid, 100 per cent acidity Opera- 
tion, March 26, 1924, confirmed the diagnosis of duodenal ulcer The appendix 
w r as removed, and a posterior gastro-enterostomy done 

Roentgenograms of the teeth show-ed se\eral teeth with bone absorption 
around the root tip and an area of residual infection 

Animal Inoculations— Two rabbits were injected with a culture from the 
residual area One showed some lesions m the kidney medulla The other 
show'ed hemorrhage and ulceration in the pyloric end of the stomach, and a 
few hemorrhages in the lumbar muscles Tw'O rabbits injected with the 
culture from the tooth showed lesions in the kidney medulla of both and 
purulent fluid m the joint of one 

Case 6— J A L, aged 62, a lawyer, complained of headache, a tired 
feeling, and a dull ache m the epigastrium He stated that the headache had 
troubled him for a number of years The first attack of stomach trouble had 
occurred in 1908, and was characterized by pam m the epigastrium coming on 
one hour after meals The pam w-as relieved by taking food He had had 
numerous attacks and was just recovering from one when first seen There 
had been no nausea or vomiting The general physical examination w’as 
negative The blood pressure w f as 125 systolic, 80 diastolic, the red cells 
totaled 5,120,000, the white cells, 8,100, and the hemoglobin was 100 per cent 
The urine show’ed albumin and a few' granular casts The specific gravity 
w r as 1 035 The blood urea nitrogen v’as 29 5 mg per hundred cubic centi- 
meters, and the phenolsulphonephthalein test showed an excretion of 53 per 
cent m tw r o hours A diagnosis of chronic nephritis, cholelithiasis and duodenal 
ulcer w r as made 

Several infected teeth were extracted Cultures showed only a green pro- 
ducing streptococcus 

Animal Inoculations — Twm rabbits w'ere injected with the mixed cultures 
One animal died the night following the injection and, at necropsy', showed no 
localized lesions The other rabbit w r as killed three days after injection There 
were many hemorrhages m the pyloric end of the stomach There also was 
purulent fluid in the joints, some areas of necrosis in the voluntary' muscle, 
numerous areas of necrosis in the muscle w r all of the pyloric end of the stomach, 
abscesses in the medulla of the kidney and involvement of the heart muscle 
and pericardium 

Case 7 — R McC, aged 47, a clerk, complained of pain m the epigastrium 
He had always been well except for an attack of influenza, m 1918 The epi- 
gastric pam had occurred intermittently for five years It came on about tw'O 
hours after meals, and w T as relieved by food or soda The physical examina- 
tion was negatne, except for tenderness m the epigastrium and numerous 
crowmed teeth The urine w r as negative The blood count showed 4,200,000 
red cells, 9,000 white corpuscles and 90 per cent hemoglobin The gastric 
analysis showed a total acidity of 95 A clinical diagnosis of duodenal ulcer 
was made Feb 14, 1923, four pulpless teeth w r ere extracted 

Animal Inoculations— Tw'O rabbits w'ere injected wuth the mixed cultures 
One died, tw'O day's later There w'as some pericorneal injection The necropsy 
showed manv hemorrhages m the first third of the duodenum The second rabbit 
was killed, two days after injection One large hemorrhage m the mucosa of 
the fundus of the stomach was found There also were a purulent arthritis 
and abscesses m the kidney' medulla and myocardium 

Case 8 G B, aged /2, a financier, was first seen followung a copious 
gastric hemorrhage He was in an excellent state of nutrition, was \ery r active, 
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and had never been ill previously The present illness had begun, shortly 
before, with a fainting attack followed by the vomiting of a large amount of 
blood ’ He also passed blood in the stools The roentgenograplnc examination 
of the stomach showed no abnormality The Wassermann reaction was nega- 
tive The physical examination was negative, except for the evident anemia 
and some tenderness over the spleen The blood count showed 2,100,000 red 
cells, white corpuscles and 42 per cent hemoglobin The patient made a 
gradual recovery without further gastric symptoms 

A roentgenogram of the teeth showed four pulpless molar teeth, only one 
of which had an area of bone absorption around the root tip 

Animal Inoculations — Cultures from the upper right first and second molars 
showed, in deep tubes of glucose brain broth agar, a very large number of 
colonies of a gram-positive diplococcus One rabbit injected with the culture 
from the first molar showed no gastric lesion Two rabbits were injected with 
the culture from the second molar One showed many hemorrhages in the 
mucosa of the stomach There were no other lesions, except a few hemor- 
rhages in the myocardium The second rabbit showed no lesions The lower 



F'S 5 —A, area of infected bone at the site of extraction of infected tooth, 
the culture from which showed a streptococcus , B, ulcers m stomach of rabbit 
produced by the intravenous injection of the organism recovered from the 
area m A, Case 10 

right second molar and the upper left first molar were extracted several days 
later Both showed, on culture, a profuse growth of diplococci Two rabbits 
were injected intravenously with the mixed cultures Both, at necropsy two 
days later, showed hemorrhage in the first third of the duodenum with no 
lesions elsewhere 

Case 9 — C T C, aged 26, a medical student, complained of a duodenal 
ulcer He had always enjoyed excellent health before his present illness, 
except for some rheumatic pains which had been relieved by tonsillectomy 
The present trouble began soon after the tonsillectomy, m March, 1923, with 
epigastric pam, occurring before meals and about two hours after meals The 
pain was relieved by food or alkalis A fluoroscopic examination, in December, 
1923, showed definite signs of a duodenal ulcer Under alkalis and dietetic 
treatment, he improved 

The dental roentgenograms revealed three pulpless teeth, none of which 
showed roentgenographic evidence of infection March 19, two of the teeth 
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were removed Two rabbits injected with the broth cultures showed no lesions 
anywhere Several dajs later, the left lower first molar (Fig 3, A ) was 
extracted A pure culture of a short chain streptococcus growing out m 
the anaerobic portion of the cultuie tube was obtained Two rabbits were 
injected Both, at necropsy, showed hemorrhage and ulceration in the pyloric 
end of the stomach There were also necrosis in the muscles, vegetations on 



Fig 6 — Peptic lesions produced by the intravenous injection of bacteria from 
dental infection above and middle, stomach, below, duodendoum There is 
marked hemorrhage, necrosis of the surface and polymorphonuclear infiltration 

the heart valves in one, and purulent fluid m the joints, cortical kidney abscesses, 
pericorneal injection and white streaks in the muscle of the other 

Case 10 — E W M , aged 25, an elevator constructor, complained of pain 
in the stomach, stating that he had had an attack of epigastric pain lasting 
several weeks, m 1921 He had never had any other serious illness His 
present attack had begun six weeks before admission, and was characterized 
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by a gnawing pam in the epigastrium coming on before meals and relieved by 
food and soda He was kept awake at night by the pam 

The patient was a well nourished, athletic individual The tonsils had 
been removed The physical examination was essentially negative The blood 
count showed 3,584,000 red blood cells and 11,900 leukocytes The stool was 
negative for occult blood The meal showed 18 per cent acidity, free hydro- 
chloric acid and 60 per cent acidity total hydrochloric acid at the end of 
an hour 

The dental roentgenograms showed three pulpless teeth all presenting evi- 
dence of infection 

Animal Inoculations — Two rabbits each were injected with the cultures from 
the left lower central incisor, upper left cuspid and upper left first molar Two 
were killed, and one died twenty-four hours after injection and showed no lesions 
at necropsy Three were killed forty-eight hours after injection One showed 
hemorrhage in the first part of the duodenum and lesions in the kidney medulla 
One showed only muscle lesions, the other, muscle lesions, an ulcer in the 
pyloric end of the stomach, and slight joint involvement 

One month after the first teeth were extracted, an area of infected bone 
in the region of the upper right cuspid was curetted A profuse growth of 
streptococci was obtained in the deep agar tube One rabbit was injected with 
broth culture At necropsy, two days later, there were multiple hemorrhages 
and beginning ulceration in the pyloric end of the stomach There also were 
abscesses in the kidney medulla, hemorrhagic areas in the muscles and the 
myocardium, and small vegetations on the mitral valve 

Case 11 — Mrs G E S, aged 33, a housewife, stated that her stomach 
trouble had begun, ten months before, with pam m the abdomen, occurring about 
one-half hour after meals, and also a gnawing pain two to three hours after 
eating She was often awakened at night with the pain Her tonsils had 
been removed, in 1917 She had had pneumonia with empyema, in 1904, but 
had been well for ten years preceding the present illness 

The general physical examination was negative The red blood cell count 
was 4,312,000, the hemoglobin 90 per cent , and the white count, 8,100 The 
gastric test meal showed free hydrochloric acid 8 per cent acidity and 29 
per cent total acidity 

The dental roentgenographs showed one tooth, the left upper first bicuspid, of 
questionable vitality The left upper second bicuspid was pulpless, but showed 
no area of rarefaction of bone at the root tip There was an area of residual 
infection at the site of extraction of the left lower first molar The two 
bicuspids were cultured together and showed a profuse growth, m pure culture 
of a green producing streptococcus A pure culture of the same organism also 
was obtained from the area of infection 

Animal Inoculations — Two rabbits were injected with the mixed broth cultures 
One showed, at necropsy, hemorrhage and erosion in the pyloric end of the 
stomach, medullar} lesions in the kidney and purulent exudate m the joints 
The other showed numerous ulcerated hemorrhagic areas m the pyloric end 
of the stomach, a purulent arthritis, lesions in the kidney medulla and a few 
areas of infection in the muscles 

Case 12 — I A P , aged 50, a housewife, gave a typical history of duodenal 
ulcer, with recurrent attacks over a period of fifteen years The epigastric 
pain was dull gnawing in character, and came on two to three hours after 
meals and during the night , the present attack had begun six weeks previously 

The patient was rather obese There was tenderness in the epigastrium 
The gastric anal} sis show'ed free hydrochloric acid 27 per cent acidity, and 
total acid, 51 per cent aciditv The stool -was negative for occult blood The 
blood count was normal 
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The roentgenogram showed two pulpless teeth, the left lower first and 
second bicuspids A culture in the deep agar tube of the first bicuspid showed 
50 colonies of a green producing streptococcus, the second bicuspid, a profuse 
growth of a similar organism 

Amina} Inoculations — Two rabbits were injected with the mixed cultures 
from the two teeth One, at necropsy, showed no lesions, the other, a very 
marked involvement of the muscle wall of the pyloric end of the stomach 
extending through to the mucosa There also was purulent fluid in the joints, 
lesions m the lcidnej medulla and some areas of necrosis in the -voluntary 
muscles 
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The incentive to the experimental work described here in detail was 
provided by the investigations of Valenti, 1 in 1914 The work was 
actually begun m 1920 but, owing to circumstances over which we had 
no control, it was discontinued and resumed only in February, 1923 

A great deal of investigation has been carried on with morphm 
poisoning, and an excellent resume has been presented by Du Mez 2 
It is clear that the opinion regarding the action of this alkaloid and its 
manner of destruction, or at least its alteration, in the animal body is a 
matter of considerable dispute 

At the present time and, as a matter of fact, ever since the Harrison 
Act went into effect, the problem of drug addiction and of handling 
addicts has been of sufficient gravity to attract the attention of a laige 
number of investigators On account of the conditions brought about 
by the enforcement of this act, interest has been renewed in the scientific 
mvestigations into the ultimate cause of morphm addiction In general, 
this experimental work has been carried on with the lower animals being 
used as subjects In many respects, the parallelism between morphm 
poisoning under experimental conditions in dogs, rabbits, guinea-pigs, 
rats or mice and that m the human being is by no means complete This 
is notably the case during the withdrawal period, which presents the 
most characteristic symptoms in the human being With animals, par- 
ticularly with dogs, so far as our experiment goes, this does not hold 
true in any sense of the word The popular periodicals have drawn 
considerable attention to the fact that Valenti succeeded m producing 
canine addicts presenting all the characteristics of morphm poisoning 
and even showing a desire for repeated injections when morphm had 
been withdrawn for some time In other words, the overzealous but 

‘‘From the department of hygiene and public health, Tulane University 
of Louisiana School of Medicine 

1 Valenti Arch f exper Path u Pharmakol , March 5, 1914 

2 Du Mez, A G Increased Tolerance and Withdrawal Phenomena in 
Chronic Morphinism, J A M A 72, 1069 (April 12) 1919 
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inaccurate and unscientific writer of the ai tides adopted Valenti’s con- 
clusions to his own ends, which weie ceitamly not justified, as is seen 
when we lefei to the work itself 

Our original plan was conceived with several objects m view 
Piimanly, we were intei ested m determining whethei airhythnua or 
other disturbance m heail function was pioduced during the abstinent 
period of habituated dogs It was expected that the electiocardiograph 
would confirm 01 lefute this point without the sacrifice of the animal 
Secondly, it was anticipated that in the event anhythmia 01 othei 
cardiac liregulaiity was found to occur, the serum fiom such animals 
was to be injected into noimal dogs, m older to confirm the second 
step of Valenti’s work, viz , that some substance calculates m the 
blood stieam which is responsible for the heait distuibanccs Thndly, it 
seemed desuable to use the seium of dogs containing this toxic substance 
which undoubtedly would be of a piotem nature, and by injecting it into 
normal animals produce an antibody It was hoped that this antibody 
would immediately relieve the cardiac distui bailees m the withdiawal 
period We now know, from the work of Pellim and Greenfield, 3 
that this substance does not exist 

ELECTROCARDIOGRAMS 

Foi our purpose, three healthy dogs weie selected, weighing lespec- 
tively 16 pounds, 3 ounces (7,349 gm ) , 13 pounds, 4 ounces (7,377 
gm ), and 22 pounds, 1 ounce (7,292 gm ). The injections were begun, 
March 1, 1923, with an initial dosage of 20 mg The dosage was 
gradually increased until, July 20, each dog was receiving 650 mg , oi 
10 grams daily All dogs weie therefore subjected to the action of 
morphm for a period of four months and twenty days Dog 1 leceived 
a total of 54 2 gm. (833 5 grams) , Dog 2 leceived 51 756 gm (7986 
grains), and Dog 3 leceived 53 744 gm (829 3 grams) The last dose 
was given the afternoon of July 20 The next day, an electrocardio- 
gram was made from each dog This was repeated July 24, and again 
July 26 

Twenty-four hours were allowed to elapse following the last admin- 
istration of the diug m order to promote the development of the same 
conditions under which the dog existed while being morphmized It 
was believed that this would be sufficient time for the absorption of 
the dose from the subcutaneous tissue, and would not be too long a period 
foi the initial symptoms to establish themselves Foity-eight hours (the 
third day) fiom the last dosage should have been sufficient time foi the 

T 3 „ P ? ! ® X » h and Greenfield, A D Narcotic Drug Addiction, Arch 
Int Med 33 547 (May) 1924 
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withdrawal symptoms to develop They should reach a maximum on the 
fifth day, 1 e, July 25, when the dogs would piobably have eliminated 
or destroyed all the morphin which had been injected We could not 
obseive m these electrocaidiograms any signs of arrhythmia or varia- 
bility attributable to piolongation of the abstinence period, and certainly 
arrhythmia or serious cardiac disturbances would have been evident 
with such a sensitive instrument had they been present It is true 
that in Dog 3 the third electrocardiogram showed a reversal of the 
T wave (Figs 1, 2 and 3) This evidence did not warrant, nor rvould 
circumstances permit, our carrying out the other steps of our progiam 



Fg 1 Lead III, Dog 1, July 21, 23 and 25, 1923, during abstinence period 


July 31, by an oversight, each dog again received an original dose 
of 10 grains, or 650 mg , and the next day, August 1, Dogs 1 and 2 were 
dead, while Dog 3 barely survived Injections of Dog 3 were con- 
tinued up to Jan 29, 1924, the dog at times receiving as high as 
2 145 gm (33 grains) in a single dose For some unknown reason, 
it died on the night of January 29, when we were preparing to make 
another series of electrocardiograms This dog had received altogether, 
between March 1, 1923, and Jan 29, 1924, 148 554 gm (2,755 1 grains) 
of morphm sulphate 

We are well aware of the fact that dogs can survive remarkably 
large doses of morphm , nevertheless, during previous experiments, we 
have found it very advisable to begin with a very small dosage and 
to increase it gradually until Avhat seems to be a lefiactory period has 
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been overcome The amount could then be mci eased quite rapidly 
One is not always successful even with small doses, as we learned 
from expei iments in 1921, when three dogs were killed with com- 
paratively small amounts of morphm repeated over a period of approxi- 
mately thirty days It seems possible that death was due to pyelitis, 
for which the constipated condition of the animals was directly 
responsible 

Never, at any period of the administration, have we been able to 
observe a dog showing a desire for the alkaloid comparable to that 
exhibited by human beings On the contrary, almost invariably there 
was a reaction following each injection, and the dogs would complain 
bitterly, unless stuporous from the previous dose Neither could we 



Fig 2 — Lead III, Dog 2, July 21, 23 and 25, 1923, during abstinence period 


observe any nervous symptoms or signs of extieme agitation dui mg 
the abstinence period This refutes completely the populai statement 
that a dog could be converted into an addict and act in the same manner 
as a human being would act We found no evidence that such u as the 
case 

BLOOD EXPERIMENTS 

As Morgenroth 4 and a number of other investigators hate appar- 
ently demonstrated the capacity of the red cells to absorb quimn from 
the plasma, it was thought possible that the same phenomenon might 
hold true for another alkaloid, morphm Furthermore, the hvpothesis 
that the red corpuscles destroy or alter morphm so as to rendei it inactive 
is not altogether untenable 

4 Morgenroth Deutsch med Wchnschr 44 961, 988, 1918 
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For our purpose, the blood of a dog which had received daily injec- 
tions of tnorphm sulphate from Feb 1 until June 19, 1924, was used 
These injections began with 32 mg (one-half gram), and increased to 
650 mg (10 grains), the latter amount being administered for more 
than six weeks The dog received a total of 26 378 gm (407 grains) 
during the entire period 

June 29, 10 c c of blood was removed from the heart and defibrm- 
ated , the serum and blood cells were separated, and the latter thoroughly 
washed with physiologic sodium chlorid solution Blood cells, serum and 
controls, with varying quantities of morphin, were arranged according to 
the scheme given in the accompanying table 

Arrangement of Blood Cells, Serums and Controls in Experiments zvtth Morphin 

Serum Saline Solution Red Cells Morphin Solution* * 

Row 1 0 5 c e 0 5 c e 0 1, 0 2, 0 3, 0 4 c c 

Row 2 05cc 0 5 c C 01, 0 2, 0 3, 0 4 C C 

Row 3 0 5 c c 0 5 e c 0 5 c c 01, 0 2, 0 3, 0 4 c c 


* One cubic centimeter contained 65 mg (1 grata) of morphin sulphate 

The tubes were allowed to stand at 37 C , for two hours, m a water 
bath and were then placed in the icebox over night 

The method used in extracting the morphin was that of coagulation 
with heat and a famt excess of acetic acid, the filtrate was then 
evaporated from the coagulum and the residue extracted repeatedly 
with Prollius’ mixture (ether, 65 parts, alcohol, 5 parts, and strong 
ammonia, 1 part) The red cells in Rows 2 and 3 were, of course, 
separated from the serum and saline and thoroughly washed until the 
washings showed no trace of alkaloid They were then coagulated, 
filtered and extracted 

The results were entirely negative so fai as absorption by the red 
cells was concerned With the exception of the very faintest traces in 
two tubes m Row 2, of 0 3 c c , and m Row 3, of 0 4 c c , which were 
doubtful, no morphin could be detected in the blood cells themselves 
It was readily separated from the serum and saline with which the cells 
had been mixed 

PROTECTIVE SUBSTANCES IN THE BLOOD 

The results obtained by Hirschlaff 5 indicated, at least to himself, 
that an antibody was formed when morphm, in gradually increasing 
doses, was injected into animals His tables show that m many cases 
he succeeded m saving the lives of animals by injecting them with 


S Hirschlaff, L Berl klin Wchnschr 39 549, 1902 
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serum from a morphimzed rabbit He also tried his serum on an 
acute case of opium tincture poisoning, and the person was apparently 
saved by its action 

Hnschlaff cites the work of Gioffredi, who obtained similar results 
with cats and a dog The serum prepared by Gioffredi is said to have 
saved a dog after double the lethal dose of morphin 

Morgenroth 0 repeated Hirschlaff’s experiments with both rabbit 
and goat serum He points to numerous fallacious deductions of 
Hirschlaff, notably the incorrect lethal dose for mice and the distinct 
protective influence of rabbit serum Pellini and Greenfield 6 7 have 
shown that no protective substance exists m the serum after either 
human 01 canine morphin poisoning 



Fig 3 — Lead III, Dog 3, July 21, 23 and 25, 1923, during abstinence period 


With these and similar observations m mind, we decided to test the 
protective action of defibrmated blood drawn from Dog 4 on a normal 
animal 

Accordingly, June 21, i e , five months and twenty days from the 
beginning of the experiment and after two days of morphm abstinence, 
50 c c of blood were drawn from the heart, under sterile precautions, 
and defibrmated 

To 10 cc of this blood were added 195 mg (3 grams) of morphin 
sulphate in solution This was allowed to stand on ice for twenty-four 
hours, and the entire amount, 13 c c , was injected subcutaneously into 

6 Morgenroth Berl klm Wchnschr 40 471, 1903 

7 Pellim, E J, and Greenfield, A D Formation of Protective Sub- 
stances Against Morphin, Arch Int Med 26 279 (Sept ) 1920 
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a normal dog, weighing 20 pounds, 5 ounces (9,214 gm ) One day 
prior to this injection, it was determined that a control of 10 c c of 
untreated blood produced no reaction 

The morphm blood mixture was administered at 3 15 p m , June 23 
In about five minutes, vomiting occurred, with moderate salivation 
Then, gradually, the animal lapsed into a stuporous condition, from 
which it could be aroused with difficulty only to subside immediately on 
the floor 

At 9 30 a m , June 24, the animal was still diowsy and stuporous, 
but less so than the night before June 25, the animal had completely 
recovered The absorption at the site of injection was veiy slow, and 
the wheal still persisted, even though the morphm symptoms had dis- 
appeared We could not conclude from our observations that the blood 
offered any protection whatever or mitigated the symptoms in the least 

ALTERATION OF MORPHIN IN VIVO 

A number of investigators, notable among whom are Faust, Cloetta 
and Marine, 8 have held that morphm was converted by the body into 
the oxidation product variously called oxydimorphm, dihydromorphin 
and pseudomorphm Some workers claim to have detected the presence 
of this substance in the excreta of animals poisoned with morphm, one 
(Marme) holding that the abstinence symptoms were caused by it 
According to Du Mez and Valenti, Albanese proved that the livers of 
morphimzed dogs were capable of destroying, or at least of altering, the 
constitution of morplnn 

Another point m this connection was the supposition of Valenti that 
morphm was destroyed soon after injection because he failed to find a 
trace of the alkaloid in 50 c c of blood four hours after injecting 40 c c 
of 5 per cent morphm solution (2 gm ) into the external jugular vem 
The experiment decided on was intended to, at least partially, 
reduplicate this work Dog 4, after foity-eight hours of abstinence, was 
selected for this purpose, and the woik was earned out undei ether 
anesthesia Foi the sake of clarity, this experiment may be divided 
into three parts 

(n) Six hundred and fifty milligrams (10 grams) of morphm sul- 
phate was injected into the portal cu dilation About eight minutes 
later, 45 c c of blood was removed directly from the heart 

(b) The hepatic and portal veins were ligated, and the liver was 
removed The liver was connected with a cannula and perfused with 

S Acquired Tolerance of Morphm, editorial, J A M A 66 657 (Feb 26) 
1916 Faust, E_S Arch f exper Path u Pharmakol 44 217, 1900 Cloetta, 
M Ibid 50 453, 1903 Marme Deutsch med Wchnschr 14 197, 1883 
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distilled water through the portal system until the wash water amounted 
to approximately 1,000 c c and gave no alkaloidal reaction 

(c) The liver was ground up fine and 325 mg (5 grains) of 
morphin m solution was mixed thoroughly with 200 gm The mixture 
was allowed to stand m the icebox for forty-eight hours 

RESULTS 

The 45 c c of blood (a) was evaporated to dryness The residue 
was ground up fine and repeatedly extracted with hot alcohol containing 
ammonia This residue was moistened with hydrochloric acid, filtered 
and again evaporated A test for morphin with Froehde’s reagent was 
faintly positive There was a faint greenish tinge to the coloration 
Both Mayer’s alkaloidal reagent and 10 dm potassium lodid solution gave 
positive reactions 

The wash water obtained by perfusing the liver ( b ) was coagulated 
with dilute acetic acid and heat, and, after being filtered, was evap- 
oiated to dryness The residue was extracted repeatedly with alcohol 
and ammonia, evaporated and weighed The yield was 48 mg This 
was acidified with hydrochlonc acid and carefully evaporated Tests 
for morphm with Froehde’s reagent and formaldehyd sulphuric acid 
were positive with a tendency to turn green, said to be a characteristic 
test for oxydimorphm. Obviously, the morphin had been changed m 
the liver capillaries and apparently much was destroyed, unless it had 
succeeded m gaming access to the general cn culation before the con- 
nection was ligated 

The liver morphin mixture ( c ) yielded the best and the most intei - 
estmg results, besides apparently confirming the work of Albanese 
already mentioned 

This mixture was coagulated with heat and acetic acid, filtered with 
a Buchner funnel, and the filtrate evaporated to diyness m the watei 
bath The residue, which was consideiable, was repeatedly exti acted 
with hot ammoniacal alcohol The exhaustion of the residues from 
repeated extraction was completed three times, the final yield being 
soluble m hot alcohol and insoluble m water The last extraction, when 
evaporated, yielded a residue which, while colored, was obviously nearly 
pure, since it was almost entuely crystalline It could be divided, by 
treating with Prolhus’ mixture, into two paits, which togethei amounted 
to 147 mg of morphin, equivalent to 319 mg, or 4 9 giains, of crystal- 
line morphm sulphate 

Both parts gave strong leactions foi morphin with Froehde’s reagent 
and with formaldehyd sulphuric acid, as well as Pellagri’s leaction 
However, the laiger portion of the two, when treated with both 
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Froehde’s reagent and formaldehyd sulphuric acid changed to a green 
color m a very short time, which true morphin does not The two por- 
tions combined gave a faint reaction for apomorphm, which was to be 
expected since the residue had been treated with hydrochloric acid The 
amount apparently was negligible 

It was very desirable to note the effect of this substance on a normal 
dog Accordingly, a solution was made and injected subcutaneously into 
the one that had recovered completely from the morphin blood mixture 
There undoubtedly was more than the equivalent of 4 grains (0 26 gm ) 
of morphin sulphate remaining after the tests had been made, so it was 
reasonable to expect signs of morphin poisoning had this been the 
unchanged drug 

The injection was given at 12 40 p m , June 26, and aside from 
vomiting twice, the animal had no symptoms whatever The dog 
appeared perfectly normal, and at no time did it show a tendency to 
develop lethargy and stupor, which is a characteristic effect of morphin 
Obviously, this was a substance which, m the mam, accorded with 
morphin so far as the chemical tests were concerned, but which lacked 
the toxic qualities of the alkaloid The National Standard Dispensatory 
(Edition 3) states that the development of a green color with the formal- 
dehyd sulphuric acid test and with Froehde’s reagent is the feature 
which distinguishes pseudomorphm or oxydimorphm from unchanged 
morphin It does not state whether this color is produced immediately 
or whether it develops from the reddish purple, on standing, as in the 
latter case 

As a further control and to test the susceptibility of this dog to 
moiphin, 130 mg (2 grams) of morphin sulphate were injected at 
9 IS a m , June 27 

The objective symptoms which developed, within a short time after 
the injection, consisted of salivation, rapid breathing and lethargy The 
dog became stuporous and indisposed to move, the general effect, how- 
ever, being less than that following the injection of the blood containing 
195 mg (3 grains) of morphm, June 23 While it had recovered almost 
entirely, June 28, there was sufficient proof that it reacted very definitely 
to the small dose administered 

CONCLUSIONS 

While the work is far from being as complete and convincing as it 
was expected it would be at the outset, nevertheless, it is believed that 
certain tentative conclusions are justified 

1 The electrocardiograph does not show the cardiac disturbances 
which ve were led to expect would occur m accordance with Valenti’s 
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observations While the highest dosage m any one day was less than that 
administered by Valenti to his animals, the period was much longer and 
the amount of morplun was either equal to or several times greater 
than he used, so this could hardly have been a disturbing feature m 
the experiment 

2 The fact that the immunity developed by mci eased dosage dis- 
appears very rapidly is shown by the fact that two out of three dogs 
succumbed, and one nairowly escaped, when the accustomed amount of 
morplun was given aftei an abstinence of only ten days (July 21-31, 
1923) This fact, which we know also holds tiue for human addicts, 
argues against the presence of an antibody 

3, Whole blood does not measurably protect a normal animal, even 
though the blood has been given ample time to alter, combine or destroy 
the morplun Apparently, the symptoms are protracted, probably owing 
to the slower absorption of the protein alkaloid combination 

4 Morplun, unlike qumin, is not abstracted from serum by the red 
cells These apparently play no pait whatever m protecting the body 
from the poisonous action Whether the serum produces any alteration 
in the morplun molecule, we do not know , that it was not destroyed is 
shown by the recovery from the serum 

5 Morplun injected into a portal branch passes rapidly into the 
general circulation and can be obtained from the blood a few minutes 
after the injection It is probably altered, because the identification 
tests, while faint, show a greenish tinge This is also the case with 
morphm which remains behind m the liver capillaries and which is 
recovered by perfusion with distilled water 

6 Liver tissue alters morplun very markedly and the resultant 
change m the structure is probably similar to that observed by Albanese 
Whatever this substance may be, and we are by no means certain that 
it is entirely pseudomorphm, it is, at any rate, innocuous, and produces 
no symptoms of morplun poisoning when injected into a susceptible 
animal 

7 It is highly probable that the liver is at least one of the organs, 
if not the principal one, involved m the destruction of morplun 



ACTION OF DIGITALIS IN THE PRESENCE OF 
CORONARY OBSTRUCTION 

AN EXPERIMENTAL STUDY * 

HARRY GOLD, MD 

NEW YORK 

The present investigation was undertaken to determine whether 
interference with the coronary circulation has any effect on the tolerance 
of an animal to the digitalis bodies 1 

There has long been a certain hesitation to administer digitalis to 
patients with heart failure associated with disorders of rhythm similar 
to those arising from excessive digitalization Because of the striking 
similarity between the cardiac disturbances resulting from diphtheria 
and those from large doses of digitalis, McCullough 2 recommended that 
the drug be withheld in this disease The existence of such disorders as 
premature beats, coupling, various degrees of heart block and pulsus 
alternans has been taken by some as a contraindication to the use of 
digitalis, or, at least, as an indication for especial caution m its admin- 
istration It has seemed logical to assume that the occurrence of these 
abnormal phenomena implied a predisposition in the heart to then 
development through the digitalis bodies that are capable of producing 
them in the normal heart But evidence appeared from time to time 
that challenged this supposition Bie and Schwensen 3 recorded the 
eftects of digitalis in two patients with diphtheria who had developed 
a “complex irregularity” of the heart, which was fatal m all of ten 
patients reported by one of the authois previously The administration 
of digitalis m full doses to both patients was followed by the dis- 
appearance of the irregularities One recovered entirely, the othei 
developed furthei disturbances of rlrythm, and died m several days 
Bush 4 reported some experiments from which he deduced that diphtheria 
toxin rendered the heart of the dog and of the frog more susceptible to 
ouabain, but his data do not warrant his conclusions Wenckebach 5 

"’'From the department of pharmacology of Cornell University Medical 
College 

1 The words “digitalis” and “ouabam” are employed interchangeably in 
this paper, although only ouabain was used for injection 

2 McCullough, H On the Administration of Digitalis to Children with 
Diphtheria, South M J 14 110 (Feb ) 1921 

3 Bie, V, and Schwensen, C The Effect of Digitalis in Two Cases of 
Arrhvthmia m Diphtheria, J Infect Dis 30 308 (March) 1922 

4 Bush, A D Drug Action as Modified by Disease Toxins, I, Ouabain 
Vs Diphtheria Toxin, ty Pharmacol & Exper Therap 13 55 (April) 1919 

5 Wenckebach, K F The Effects of Digitalis on the Human Heart, 
Brit M J 2 1600, 1910 
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observed that troublesome extrasystoles, which had persisted for a 
long time, disappeaied after digitalis medication Edens and Huber 0 
recorded similar observations While pulsus alternans has been seen in 
a few cases to follow ovei digitalization, digitalis administered to patients 
with pulsus alternans has sometimes abolished it 0 Christian 6 7 observed 
that, m pulsus alternans, digitalis frequently produced good results, 
yet he warned that, m view of the great impairment of the myocardium 
in this condition, the likelihood of improvement was much reduced and 
to push digitalis m such a case might do much damage Windle, 8 on 
the other hand, observed no harm from digitalis m 100 patients with 
pulsus alternans, though he found that fiequently the dispanty between 
the beats was diminished or abolished and that the general symptoms 
were impioved He lecommended the use of digitalis until the onset 
of vomiting oi coupled rhythm 

The discrepancies m clinical reports may be partly explained by the 
complex nature of digitalis action Foi example, small doses stimulate 
the vagus and dimmish the excitability of the heart, large doses may 
increase the irritability of the heait by dnect action on the myocardium 
Thus, small doses may abolish exti asystoles , large doses produce them c 
It also seems more than probable that a certain lriegularity of the heart, 
being symptomatic of widely diffeient conditions, as, for instance, 
diphtheria, on the one hand, and arteriosclerotic heait failure, on the 
other, may show as wide variations in response to digitalis In one 
instance, it is conceivable that the drug will have no effect or even, in 
some case, exaggerate the disorder, in another instance, with nnpiove- 
ment m the heart action, the irregularity may disappear 

In this connection, Windle 8 has called attention to the fact that 
alternation of the pulse is less apt to peisist m rheumatic hearts than in 
old arteriosclerotic hearts because of the difference m the circumstances 
producing the irregularity In the first case, it occurs generally when 
an added stiam is put on a decompensated heart, but disappears with 
improvement in the muscle function In the second instance, it appears 
generally as evidence of irreparable damage to the myocardium In view 
of these and many similar observations, it is evident that theoretic deduc- 
tions in connection with the effects of digitalis, in various disoiders of 
the cardiac mechanism or m conditions leading to such disorders, aie 
neither justified noi safe Each condition requires separate investigation 

6 Edens and Huber Ueber Digitalis Bigemmie, Deutsch Arch f khn 
Med 118 476, 1916 

7 Christian, N A The Use of Digitalis m Various Forms of Cardiac 
Arrhythmia, Boston M & S J 173 306 (Aug 26) 1915 

8 Windle, J D Clinical Observations on the Effect of Digitalis in 
Heart Disease with Pulsus Alternans, Quart J Med 10 275 (July) 1917 
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The alarming symptoms of circulatory failure, often supervening 
rapidly in patients surviving the immediate effects of coronary obstruc- 
tion, demand heroic treatment But especial caution is enjoyed m the 
administration of digitalis in this condition Various investigators have 
shown that the occlusion of coronary vessels m animals gives rise to 
fibrillation of the ventricles 9 Digitalis m fatal doses causes ventricular 
fibrillation almost invariably m the cat, and Reid 10 has reported a 
similar disturbance with overdigitahzation m man Robinson and 
Bredeck 11 described a patient of whom the electrocardiogram showed a 
high degree of intraventricular block preceding an attack of ventricular 
fibr illa tion The administration of 1 mg of strophanthm, intravenously, 
caused an increase in the irregular ventricular complexes simulating the 
condition of "potential fibrillation” of Levy and Lewis 12 (Necropsy, 
m this patient, did not reveal any gross interference with the coronary 
circulation ) Since the occlusion of coronary vessels and digitalis may 
each give rise to fibrillation of the ventucles, and since a potential 
fibrillary state may obtain which can be exaggerated by digitalis, the 
inference is natural that such a state may be produced by coronary 
obstruction and render digitalis in this condition a dangerous drug 
There had been no experimental, and very little clinical, evidence when 
the present investigation was undertaken which throws any light on this 
subject 

Experiments were, therefore, performed to show whether obstruction 
to any particular portion of the coronary circulation alters the suscepti- 
bility of the heart to the toxic action of ouabain If it does not, and 
if a diminished tolerance to digitalis can be created by ligation, such a 
state should exist m those animals which survive a degree of inter- 
ference with the coronary circulation causing spontaneous ventricular 
fibrillation in a large percentage of them 

METHOD AND EFFECTS OF LIGATION 

Over fifty experiments were performed on the cat This animal is 
particularly well suited to experimentation with digitalis because of 

9 Smith, F M The Ligation of Coronary Arteries with Electrocardio- 
graphic Study, Arch Int Med 22 8 (July) 1918 Lewis, T The Experi- 
mental Production of Paroxysmal Tachycardia and the Effects of Ligation of 
the Coronary Arteries, Heart 1 98, 1909 Miller, J L, and Matthews, S A 
Effect on the Heart of Experimental Obstruction of the Left Coronary Artery, 
Arch Int Med 3 477 (June) 1909 

10 Reid, W D Ventricular Ectopic Tachycardia Complicating Digitalis, 

Arch Int Med 33 23 (Jan ) 1924 s 

11 Robinson, G C, and Bredeck, J F Ventricular Fibrillation in Man 
with Cardiac Recovery, Arch Int Med 20 725 (Nov ) 1917 

12 Levy, A G , and Lewis, T Irregularities Resulting from Inhalation 
of Low Percentages of Chloroform Vapor, and Their Relationship to Ventricular 
Fibrillation, Heart 3 99, 1911 
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its resemblance to man m response to this group of drugs 13 The 
thoracic cavity was opened by cutting through four or five caitilages 
close to the sternum, under ether anesthesia and artificial respiration 
The pei icardium was incised near the base of the heart, and the necessary 
coronary vessels dissected free for ligation The thorax was then closed 
with interrupted sutures and spontaneous respiration resumed, care 
being taken to close the wound while the lungs were fully inflated In 
some of the experiments, the veins were also included m the ligature, 
m most of them, the arteries only Necropsies were performed m all 
cases to confirm the position of the ligature, and to ascertain any gross 
pathologic changes m the heart 

Certain observations, made during the course of the work, though 
not directly concerned with the problem, are of sufficient interest to 
record In nearly all experiments, ligation of one of the large branches 
of the coronaries was followed by dilatation of the heart, most pio- 
nounced to the right The effects on the cardiac rhythm of ligation of 
any of the laige branches mentioned m Table 1 were not umfoim For 
instance, m one experiment, ligation of the right coronary aitery resulted 
m a very slow rate with a 2 1 block, followed in five minutes by 
ventricular fibrillation In another experiment, ligation of the right 
coronary upset the cardiac mechanism m an entirely different manner , 
there were extrasystoles and periods of extreme tachycardia, followed 
in six minutes by fibrillation of the ventricles In other instances, little 
or no irregularity was seen after ligation of the right coronary Similar, 
inconstant disturbances resulted from ligation of the descending branch 
of the left coronary and of various combinations of branches of the 
coronary vessels 

The most constant effects were observed after ligation of the entile 
left coronary artery at the aorta There was instant blanching of the 
left side of the heart, with more or less immobilization of the left 
ventricle, which progressed until the left ventricle practically ceased 
beating At the same time, there was dilatation of the right side of the 
heart, which became livid and continued to beat rapidly and strongly, 
passing gradually into ventricular fibrillation 

The fibrillation often failed to involve both ventricles In some 
instances, it was limited to the right ventricle from the beginning, no 
movement being perceptible m the left side of the heart, except along 
the interventricular groove and m a small area at the apex In other 
instances, both ventricles fibrillated for the first minute or two, after 
which the left ceased to show any movement while the right continued to 
fibrillate However, both sides of the heart again fibrillated after the 
ligature was removed and the heart massaged to introduce blood into 


13 Gold, Harry Digitalis Elimination, Arch Int Med 32*779 (Nov) 1923 
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the coronary vessels In another experiment, ligation of the left 
coronal y produced fibi illation of the right ventricle intei rupted by 
periods of regular beats Considerable massage and compression of the 
heart failed to abolish these interruptions With the removal of the 
ligature and slight massage to force blood into the coronal y artery, 
both ventricles piomptly went into fibrillation which persisted until 
death, nine minutes later 

The absence of fibrillation in that part of the heart deprived of 
blood was also observed in experiments in which the descending branch 
of the left coronary alone was ligated 

The occurrence of the foregoing phenomena m some experiments 
and not in others, also the variability of the effects, are probably 
dependent, partly at least, on differences m the compensatory circulation 
Several observers have recorded partial fibrillation of the heart 
Garrey 14 pioduced partial fibrillation of the ventricles by electrical 
stimulation under certain conditions Lewis 15 also noted in dogs that 


Table 1 — Incidence of Spontaneous Ventuculai Ftbi illation Following Varying 
Dcgiees of Intei ference with the Coionaiy Cnculation 


Vessels Ligated 

Total Ventricular 

No of Fibrillation 

Expen , 

ments Number Per Cent Time 

Descending Branch left coronary 

IS 5 

31 2 

4 min - 6% hrs 

Descending branch leit coronary and circumflex pos- 
teriorly 

Circumflex branch left coronary 

Bight coronary 

2 0 

2 0 

7 2 

28 5 

5 mm -6 min 

Bight coronary and circumflex branch left coronarj 
Descending branch left coronary and right coronary 

1 1 

IS 10 

55 5 

3Smin 

1mm -2 hrs 

Left coronary 

12 12 

100 0 

1 min - 10 min 


the damaged muscle, resulting from occlusion of a coronary vessel, 
failed to participate m the fibrillation In accordance with the theory of 
circus movement, it is possible that ligating a large branch of a coronary 
vessel produces a considerable area of unpaired conduction so as to 
confine the circus movement to the remaining portion of the heart 
Since the capacity for maintaining fibrillation varies directly as the 
tissue mass , 14 it is readily seen that the tendency for fibrillation to persist 
m that portion of the heart not deprived of circulation will vary m 
different experiments depending on the degree of anastomosis between 
the coronary vessels As blood is introduced into the coronary vessel 
by the removal of the ligature and compression of the heart, the large 
area of block is abolished and the portion of the heart previously 
excluded begins to participate in the fibrillation The larger tissue mass 

now invoked, m turn, makes it more possible for the fibrillation to 
persist 


Ti ^ Garrey, W E The Nature of Fibrillary Contraction of the Heart, 
its ^ elat1051 to Tissue Mass and Form, Am J Physiol 33 397 1914 
15 Lewis (Footnote 9, second reference) 
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COMMENT 

Table 1 shows the incidence of ventuculai fibrillation following 
vatying degiees of interference with the coronary circulation A large 
number of animals died during the night of the fiist or the second day 
Since the mode of death was not obseived and since factors of infection 
and shock entei to a gi eater degree on the second and third days, no 
deductions aie diawn fiom them except to reckon them among the 
animals failing to show ventricular fibrillation on the day of ligation 
In two experiments, the animals weie seen in convulsions, probably 
from ventricular fibrillation, on the day following the ligations One 
of these, m which the descending branch of the left coronary artery 
was occluded, died immediately after the convulsion, the other, m which 
the descending blanch of the left coronary and the light coronal y 
arteries were ligated, lecovered and was injected with ouabain The 
percentage of animals showing ventricular fibi illation as a result of 
coronary ligation given m Table 1 is therefoie probably too low, repre- 
senting only those m which ventricular fibrillation or the convulsion was 
actually observed 

Of the sixteen experiments in which the descending branch of the 
left coronary was ligated, five animals, or 31 2 per cent , showed ventric- 
ular fibrillation in from four minutes to six and thiee-fourths hours 
In one case, as mentioned above, a convulsion occurred on the second 
day 

Both animals, m which the descending branch of the left coronary, 
in addition to the first large descending branch on the posterior surface 
of the left ventricle, were ligated, recovered without any visible 
disturbance 

Ligation of the circumflex branch of the left coronary, m two 
experiments, resulted m no perceptible change in the heart action 
Both animals were injected with ouabain on the following day 

The right coronal y arteiy was occluded m seven experiments at 
one-half centimeter from the aorta The heart m two animals, or 28 5 
per cent , went into ventricular fibi illation m five and six minutes, 
respectively, after the ligation 

In one experiment, the right coronal y and the circumflex branch of 
the left coronary were ligated, with resulting ventricular fibrillation, in 
thirty-eight minutes 

Eighteen experiments were performed, in which the light coronary 
and the descending branch of the left weie ligated at the same time 
Ventricular fibrillation followed m ten animals, or 55 5 per cent, m 
from one minute to two hours after ligation 

Tying off the entire left coronary arteiy at the aorta resulted 
invariably m ventricular fibrillation m twelve experiments 
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Some of the animals m which coronary occlusion was not followed 
by spontaneous ventricular fibrillation were tested for their tolerance 
to ouabain A solution of ouabam, 1 100,000, freshly prepared, was 
injected slowly into the femoral vein until death occurred The results 
are given in Table 2, expressed as the percentage of the average fatal 
dose of ouabam for the normal cat, taken as 0 1 mg per kilogram of 
body weight The average fatal dose of ouabain for the seventeen 
experiments is 102 3 per cent of the average for normal animals 

In Experiment 11, the animal had a convulsion, presumably from 
ventricular fibrillation about twenty-two hours after ligation of the 
descending branch of the left coronary and the right coronary An 


Table 2 — Toleiance to Ouabam of Those Animals in Which Coronary Ligation 
Was Not Followed by Spontaneous Ventucular Fibrillation "■ 





Ratal Dose of 



Time 

Ouabain After 



Elapsed 

Operation in 



Between 

Percentage of 



Ligation 

Average 



and 

Ratal Dose for 


Vessel Ligated 

Injection 

formal Animals 

1 

Descending branch left coronary 

1 day 

80 

*> 

Descending branch left coronary 

1 day 

9S 

s 

Descending branch left coronary 

I day 

175 

4 

Descending branch left coronary 

1 day 

87 2 

5 

Descending branch left coronary 

3 hours 

88 

6 

Descending branch left coronary and circumflex posteriorly 

4 hours 

141 

T 

Circumflex branch loft coronarj 

1 day 

100 

8 

Circumflex branch left coronary 

1 day 

971 

9 

Right coronary 

1 day 

130 

10 

Right coronary 

1 hour 

S6 

11 

Descending branch left coronarj and right coronarj' 

1 day 

64 

12 

Descending branch left coronary and right eoronarv 

1 day 

103 

IS 

Descending branch left coronarj and right coronary 

1 hour 

104 

14 

Descending branch left coronary and right coronarj 

4 hours 

105 

15 

Deft coronary 

10 minutes 

110 

16 

Left coronary 

4 minutes 

83 3 

17 

Left coronary 

4 minutes 

S71 


Average 


10-2 3 


* Two experiments are omitted from the table, the animals hating died atypicallv after 
ouabam injection J 


hour and fifty-five minutes after the convulsion, ouabain injection was 
started, the heart going into ventricular fibrillation when 64 per cent 
of the average fatal dose had been injected This result is an exception 
to that of the other sixteen experiments The animal may have been 
somewhat susceptible to ouabain at the start An extreme variation 
above or below the average is occasionally encountered in digitalis test- 
mg by the cat method (Experiment 3) In nine instances, m which 
the ligatures were removed following the production of ventricular 
fibrillation, the heart recovered a normal beat But this recovery was 
only temporary, the heart going back into ventricular fibrillation from 
thirteen to sixty-eight minutes after recovery Since, therefore, there 
is a strong tendency for a recurrence of the ventricular fibrillation even 
after the ligature is removed, such a recurrence might account for the 
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small dose of ouabain m the foregoing animal, in which there was 
recovery following the convulsion and the ligature was not removed 
There still remained, however, the consideration that a narrow 
margin might obtain preceding ventricular fibrillation produced by 
coronary occlusion, m which fibrillation could be precipitated by digitalis 
The foregoing animal, m which the occlusion of the coronoray pro- 
duced a convulsion with spontaneous recovery, might conceivably have 
been m such a state and, hence, required less ouabain to cause death 
It was desirable, theiefore, to test this possibility 

Reference has already been made to the occurrence of ventricular 
fibrillation interrupted by periods of regular heart beats m a number 
of the experiments But m none were the intermissions sufficiently 
long to permit of testing the tolerance to ouabain Reference has also 
been made to the nine experiments, m all of which recovery of the 
normal beat after removal of the ligature was followed m varying 
periods of time by a recurrence of the ventricular fibrillation The 
intermissions, m most of the latter experiments, were, however, suf- 
ficiently long to permit of the ouabain injection The left coronary 
artery was, therefore, ligated at the aorta m three experiments, with 
resulting ventricular fibrillation m from four to ten minutes The 
ligature was then removed, and the heart, after some massage and com- 
pression, resumed a regular beat Ouabain was then injected as m the 
previous experiments The results are shown m Experiments 15, 16 
and 17 in Table 2, the animals requiring respectively 110, 83 3 and 
87 1 per cent of the normal average fatal dose to cause death In 
Expei iment 17, after the ligature was removed and the normal beat 
resumed, a ligature was tied on the right coronary pnor to the ouabain 
injection to add further to any predisposition to ventricular fibrillation 
which might have already existed Experiment 13 presented a condi- 
tion similar to that of Experiment 11 discussed above The animal 
had a convulsion, piesumably from ventricular fibrillation, one hour 
and thirty-five minutes after hgatuies were tied on the descending 
branch of the left coionary and the right coronary Twenty-four 
minutes after recovery, ouabain was injected, taking thirty minutes for 
the injection This animal required 104 per cent of the average fatal 
dose for the normal animal to cause death 

That the heart in which large branches of the coronary vessels have 
been occluded is particularly susceptible to some influences causing 
ventricular fibrillation appears not only from the fact that many go 
spontaneously into fibrillation but also from the fact that a slight 
massage, which is without effect on the normal heart, may readily pre- 
cipitate fibrillation after the ligature has been applied Nevertheless, 
the results of seventeen experiments in Table 2 show that the average 
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fatal dose of ouabain for the group of animals in which various degrees 
of interference with the coronary circulation prevailed is practically the 
same as that for normal animals , that the tolerance to ouabain is not 
affected by ligation of any particular branch of the coronary vessels 
nor by even extreme degrees of interference In the light of the data 
presented, the conclusion is also inevitable that the heart, which as a 
result of coronary ligation has gone into ventricular fibrillation with 
spontaneous recovery and which is almost certain again to lapse into 
ventuculai fibrillation, is not necessarily less tolerant to the toxic action 
of ouabain than the normal heart 

The general tenor of the objections to the use of digitalis m coronary 
obstruction in man was expressed by Riesman , 16 who said that when the 
advisability of giving digitalis came up, m a case of coronary throm- 
bosis, he decided not to give it because, in view of the great damage 
to the myocardium, “it would not do good and might do harm ” 
Theoretically, one could argue both ways Various degrees of ven- 
tricular immobilization take place depending on the degree of impair- 
ment of the coronary circulation This may be partly a protective 
mechanism against exhaustion To increase the force of the heart beat 
in a state of coronary circulation insufficient for greater work might 
compromise the chance for recovery On the other hand, one might 
say that stimulation might help to tide the heart over a period until 
sufficient collateral circulation is set up to support it The latter 
impression was gained by Miller and Matthews m their animal experi- 
ments 17 They also referred to the fact that German writers recom- 
mend digitalis in angina pectoris rather than the nitrites 

Herrick 18 stated that the prejudice against the use of digitalis 
when the myocardium was weak was only partially grounded m fact 
He stressed the great value of this drug in coronary occlusion and 
suggested that quick results be sought in some cases by intravenous or 
intramuscular injections Whether digitalis is of any value in the 
circulatory failure attending coronary obstruction is, however, not 
within the scope of this investigation But to conclude from these 
experiments that digitalis is entirely without danger m coronary 
occlusion, in man, is hardly justified without further clinical studies 
That a functional state of the myocardium may exist in a diseased 
heart which calls for particular caution in the administration of digitalis, 
as shown by Robinson and B redeck, has already been mentioned A 
coronary artery may indeed become occluded m a diseased heart which 

16 Riesman, D Coronary Thrombosis, M Clin N A 6 851 (Jan ) 1923 

17 Miller and Matthews (Footnote 9, third reference) 

18 Herrick, J B Clinical Features of Sudden Obstruction of the Coronary 
Arteries, J A M A 69 2015 (Dec 7) 1912 
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is already the seat of a high degree of intraventricular block, seen by 
them in the electrocardiogram I have simply called attention to the 
fact that it was mainly from indirect experimental evidence that the 
inference was drawn that, m man, digitalis might precipitate ventricular 
fibrillation more readily m the presence of coionary obstruction than m 
the normal heart The direct experimental data set forth in this paper 
lend no support to this belief. 

SUMMARY AND CONCLUSIONS 

1 More than fifty experiments have been pei formed on the cat to 
determine whether coronary occlusion changes the tolerance of an animal 
to the toxic action of the digitalis bodies 

2 Evidence is cited which shows that theoretic generalizations m 
connection with the response to digitalis m disturbances of the caidiac 
mechanism, or m conditions leading to such disturbances, are not 
justified 

3 Effects of occlusion of different parts of the coionaiy circu- 
lation vary widely, depending on the differences m the compensatoiy 
circulation No constantly occurring irregularities were observed after 
ligation of any particular branch of the coionary vessels 

4 The failure of the portion of the heart deprived of blood to 
fibrillate is probably due to an area of block confining the circus move- 
ment to the remaining portion of the heart The failure of the fibril- 
lation to persist after ligation of a large coronary vessel is probably due 
to the diminished tissue mass involved m the fibrillation 

5 A heart that has been m ventricular fibrillation from coronary 
occlusion and has lecovered temporarily also shows no diminished 
tolerance to the toxic action of digitalis (ouabain) 

6 The average fatal dose of digitalis (ouabain) for seventeen ani- 
mals with varying degiees of coronary obstruction was the same as 
that for normal animals The experimental data, therefore, lend no 
support to the fear that in the presence of coionary occlusion digitalis 
may precipitate ventricular fibrillation moie leadily than in the normal 
heart 
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Hypertension, chronic nephritis and their related heart conditions 
are subjects of increasing interest because they are causing more deaths 
than any other disease process This may be due, m part, to the pro- 
longation of life A larger number of persons are thus allowed to enter 
the decade of life when degenerative cardiovascular and renal condi- 
tions are most prone to occur If the span of life is further increased, 
as seems likely, degenerative lesions will affect a still larger number of 
persons 

In spite of the great amount of work that has been done, the cause 
of high blood pressure and its frequently associated chronic nephritis 
has not been determined The clinical importance of this subject war- 
rants continued search for the causes of these conditions 

The role of excessive protein metabolism as an etiologic factor m 
arteriosclerosis and chronic nephritis has long been a matter of debate 
There are many students of this question who feel that excessive protein 
diets are directly responsible for the degenerative vascular-renal diseases 
There are others who are equally positive that this theory is wrong One 
of the contentions raised against this relationship is that an increase m 
blood pressure has not been produced experimentally by feeding diets 
high in protein 

In this preliminary report, we wish to record some of the results 
of a carefully conducted group of experiments m which the relationship 
between high protein diets and blood pressure was studied In three 
groups of rabbits on high protein diets for twenty-one months, which is 
the duration of the experiments to date, an increased blood pressure has 
developed and persisted In a fourth group of control animals, kept 
under the same conditions as the others, the diet alone differing, the 
blood pressure has continued at a normal reading for a rabbit, which is 
from 70 to 80 mm of mercury 

The difficulty in obtaining satisfactory blood pressure readings, m 
experimental animals over long periods of time, is responsible for the 
small amount of work done along these lines We have succeeded m 

* From the laboratories of the Potter Memorial Clinic and the Santa 
Barbara Cottage Hospital 
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finding only one repotted group of experiments m which the blood pies- 
suie was followed for a definite period of time Schmidtmann 1 took 
blood pressure leadings for periods varying from five to nine months 
Usmg'a slight modification of the method suggested by von Eweyk and 



Chart 1 — Average range of blood pressure for one year m control and 
high protein diet groups of animals 


Schmidtmann , 2 we have taken the blood pressure of our animals one or 
more times a month for the last twenty-one months 

Two persons are necessary m making these determinations The 
rabbit, with a bandage over its eyes, is held in the lap of an assistant 


1 Schmidtmann, M Experimented Studien zur Pathogenese der Arterio- 
sklerose, Virchows Arch f path Anat 237 1, 19 22 

2 Van Eweyk, C, and Schmidtmann, M Zur Methodik der Blutdruck- 
messung beim Kanmchen, Virchows Arch f path Anat 236-420, 1921 
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In this position, it seldom stiuggles The blood is compressed from 
the foreleg by winding a rubber bandage from the toes upward A 
small rubber cuff is then placed about the upper part of the leg The 
cuff is connected with a mercury manometer (Baumanometer) and 
inflated to from 140 to 150 mm of mercury The compressing bandage 
is then removed from the lower part of the limb A pea sized piece of 
skin is snipped off the front of the leg over the anterior tibial artery 
The pressure m the manometer is allowed to di op until the blood is seen 
to shoot down through the artery, which is exposed through the window 
m the skin A second check on this reading is obtained by observing the 
pressure at which the small capillaries in the skin at the edges of the 
window begin to ooze This occurs at about 20 mm of mercury lower 
pressure than the reading obtained by noting the sudden filling of the 
larger artery Repeated readings may be made through the same window 
during an afternoon Following the final reading, the window is painted 
with 10 dm, and the animal replaced in its cage The wound is entirely 
healed within from seven to ten days We have had no instances of 
infection following several thousand blood pressure determinations 

The results of the average of the monthly readings of twelve normal 
(control) rabbits from July, 1923, to July, 1924, is recorded in Chart 1 
It will be noted that the average pressure varied between 72 and 81 mm 
of mercury 

A second group of twelve rabbits, whose phenolsulphonephthalem 
output ranged from 65 to 80 per cent , whose urines contained neither 
albumin nor casts, whose blood nonprotem nitrogen, urea nitrogen and 
carbon dioxid were within normal limits, and whose systolic blood pres- 
sure ranged between 72 and 78 mm of mercury over a period of three 
months, was placed on a diet high m liver protein 

The criticism that has been raised about work done by Newburg and 
Clarkson 3 and others concerning the production of arteriosclerosis and 
kidney damage, m feeding experiments, has been that our present 
knowledge of foods does not permit us to make deductions concerning 
one factor as protein when other food components are deficient m 
amount or quality To avoid this criticism, we used, for this group of 
animals, a diet originally suggested by McCollum, 4 which contains all 
the elements essential to growth and maintenance It consists of liver, 
20 per cent , casein, 20 per cent , maize, 20 per cent , wheat, 30 per 
cent , navy beans, 5 5 per cent , cod liver oil, 2 per cent , calcium car- 
bonate, 1 5 per cent , and salt, 1 per cent Six weeks following the 

3 Newberg, L H, and Clarkson, Sarah Renal Injury Produced in 

Rabbits by Diets Containing Meat, Arch Int Med 22 850 (Dec ) 1923 

4 Polvogt, L M , McCollum, E V, and Simmonds, Nina The Production 
of Kidney Lesions in Rats by Diets Defective Only in That They Contain 
Excessive Amounts of Protein, Bull Johns Hopkins Hosp 34 168 (May) 1923 
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starting of this diet, the blood pressures of these animals were elevated 
without exception This increase m pressure has continued, as is shown 
m Chart 1 The nonprotem nitrogen and the urea nitrogen of the blood 
increased in amount, and the urine regularly contained casts and albumin 
after the sixth week of the experiment (Charts 2 and 3) The reaction 
of the urines in this group has been acid 

A third group of twelve rabbits, after having been studied so as to 
exclude any that might have a spontaneous nephritis, was placed on a 
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Chart 2 — Range of nonprotem nitrogen per hundred cubic centimeters of 
blood for period of one year in four groups of animals 


16 per cent oat protein diet The bulk of this diet consisted of oats, 
but cod liver oil and tomato were given ad libitum, and alfalfa was given 
at intervals to prevent the development of deficiency diseases from lack 
of vitamins Six months after this diet was started, the blood pressures 
were elevated and have continued elevated to the present (twenty-one 
months) The urine contained albumin and casts by the fourth and the 
fifth month The nonprotem nitrogen and urea nitrogen of the blood 
has increased in amount (Charts 2 and 3) The reaction of the urine is 
acid 
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A fourth group of twelve normal rabbits was placed on a 38 per cent 
soy bean protein diet In addition to the soy beans, cod liver oil, tomato 
and alfalfa were given, as stated above Within four months, an 
elevation of the blood pressure was noted Albumin was not found 
regularly in the urine until almost a yeai after the protein feeding was 
commenced An increase m the nonprotein nitrogen and urea nitrogen 
of the blood was noted m the ninth month This, too, has continued 
The urine of this group has remained alkaline 



Chart 3 — Range of urea nitrogen per hundred cubic centimeters of blood 
for period of one year in four groups of animals 


On the completion of these experiments, a careful pathologic study 
will be made of the kidneys, blood vessels, liver and other viscera It 
would seem that marked changes would be found 

COMMENT 

The results of our expeiiments suggest that excessive protein diets 
will cause an increase in blood pressure In addition, evidence of dis- 
turbed renal function is found by the presence of albumin and casts in 
the urine, and by the increase of nitrogenous end products, nonprotem 
nitrogen and urea nitrogen m the blood 
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The increase m blood pressure has been most marked m the group 
of animals on a liver protein diet The presence of albumin and casts 
m the urine and the increase m pressure were noted at the sixth week 
of the experiment, which is earlier than such changes occurred in the 
other groups The blood pressures m the group fed on soy bean protein 
were elevated before changes occurred in the urine or in the blood 

The possibility that acid ash diets necessitating the excretion of 
highly acid urines over long periods of time might be responsible for 
the development of high blood pressure and degenerative kidney lesions 



Chart 4 — Range of carbon dioxid capacity of blood plasma for one year 
in four groups of animals, per cent by volume 


is a new suggestion Clinically, there are facts that give weight to this 
theory Among these is the unmistakable improvement that occurs m 
persons with hypertension and chronic nephritis when placed on a basic 
(alkaline) diet The oat group of experimental animals have con- 
tinuously acid urines, due to the acid ash of the oat protein The soy 
bean group have shown an elevation of the blood pressure and changes 
m the blood and urine while the alkaline ash of the soy bean has kept 
the urines alkaline The carbon dioxid of the blood serum has remained 
high m this group, whereas, m the liver and oat protein groups, these 
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readings have been lower than in the control group The occurrence of 
these changes, in the group whose urines are alkaline, does not invalidate 
the foregoing theory regarding the causation of hypertension and chronic 
nephritis 

Fisher 5 produced nephritis by the exhibition of excessive alkali 
The soy bean diet gives a very alkaline reaction to the urine The 
hydrogen ion concentration of these urines ranges from 8 8 to 9 A 



neutral urine has a p a of 7 The excessively alkaline ash diet, as evi- 
denced by the excretion of an abnormally alkaline urine foi many 
months, might well be responsible for the changes that we have noted 

The weight curves (Chart 5) indicate a graduate increase in all 
groups of animals The controls are now the largest animals The soy 
bean group still appear m good condition The fur of the oat and 
lner groups has become dry, and these animals are not so robust 

5 Fisher, Martin Edema and Nephritis New York, John Wiley & Sons, 
p 428 
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We are giving special attention to paiticulai metabolites of the non- 
protem nitiogen gioup to see if an increase of the ammo acids or of 
guamdin is present Major 0 has lecently called attention to the piessor 
effect of guamdin bases 

SUMMARY 

Three groups of labbits placed on high piotem diets, each group on 
a different type of protein, developed an increased blood pressure 

Evidence of renal irritation was offered by the appearance and per- 
sistence of albumin and casts in the urines of these animals, and by a 
letention of nonprotem nitrogen and urea nitiogen in the blood There 
also was evidence of acidosis, as shown by a continued deciease m the 
carbon dioxid of the blood plasma of the oat and liver protein gioups 
of animals This decrease m the carbon dioxid was not piesent in the 
soy bean group, whose mines were alkaline 

It is suggested that diets containing an excessive acid or alkaline 
ash, necessitating the excretion of excessively acid or alkaline urines 
over long penods of time, might, m themselves, be responsible for degen- 
erative blood vessel and kidney changes 
• • 

6 Major, R H Relationship Between Certain Products of Metabolism 
and Hypertension, J A M A 83 81 (July 12) 1924 
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When a foreign protein is injected into the blood stream, it has been 
observed that the number of leukocytes is at first usually diminished, 
later markedly increased and that finally there is a gradual decrease, the 
number of leukocytes falling to approximately the original level It 
also has been observed that during the height of digestion and absorp- 
tion m the small intestine, the leukocytes are increased m number 

In connection with a study on the effect of ingestion of yeast in 
certain pathologic conditions, we were interested in a consideration of 
the mechanism of its action In cases of infection, it is generally assumed 
that an increase m the number of leukocytes indicates a satisfactory 
response on the part of the organism in defending itself against the 
invading bacteria There are, however, numerous investigators who do 
not believe that an increase m the leukocyte count necessarily accom- 
panies such a defensive response It has been observed that no improve- 
ment occurred with marked leukocytosis, and that marked improvement 
may occur without leukocytosis 

The ingestion of yeast has been assumed to produce a leukocytosis 
Failing to find any literature on this subject, we undertook experiments 
to study the effect of the ingestion of yeast on the leukocyte count 

EXPERIMENTS 

For the purpose of such experiments, we appealed for volunteers 
to the members of the present first and second year classes m the Uni- 
versity of Illinois College of Medicine Twenty-two members of these 
two classes volunteered and thus made this work possible The method 
of procedure was as follows 

The blood samples were taken at 9 30 a m on eight successive 
mornings All these subjects were requested to attempt to maintain a 
reasonable uniformity m then diets and physical activities The morn- 
ing meal was supposed to have been ingested at approximately the same 
period of time before the taking of the blood sample The leukocyte 
count was made as follows 

A standard white pipet and Thoma-Zeiss hemocytometer were used 
m this work The first drop of blood was wiped away and the second 

*From the University Hospital and the Laboratory of Physiological 
Chemistry, University of Illinois College of Medicine 
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Chart 1 — Curves showing normal variations 
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drop drawn to the 0 5 mark The blood was diluted one-twentieth with 
1 per cent acetic acid, and the average count of 5 large squares (1 
sq mm ) taken This was multiplied by 200 to give the noimal count 
in one cubic millimeter 

Six of the ten subjects that we studied with a view to establishing 
a base line showed a small amount of variation from day to day Three 
of the remaining four developed mild respiratory infections At the 
time the symptoms became noticeable, there was a marked increase in 
the leukocyte count The tenth subject showed a decided rise m the 
leukocyte count, during the latter part of the period, without our being 
able to arrive at any explanation The six curves (Chart 1) furnish 
a base line for comparison with the curves obtained from the subjects 
who were given yeast The maximum variation obtained m these six 
curves is 1,600 

The subjects who aided us m the study of the effect of yeast reported, 
the first day, without any yeast ingestion , after the blood count was 
taken, they ingested three cakes of one of the common market varieties 
of fresh yeast (Fleischmann) per day — one cake between breakfast and 
lunch, one cake between lunch and dinner, and one cake between dinner 
and the time of retiring This was continued for seven days The 
subjects were carefully watched for infections or other conditions which 
might alter the count No such infections or conditions were observed 
Our results are shown in Chart 2 In some cases there is no initial 
diminution m the leukocyte count Possibly, the interval of twenty-four 
hours between the first and the second counts was sufficiently long so 
that the decrease had disappeared and increase had begun Some of the 
cases did not show a marked increase in the number of leukocytes 
However, the majority of these cases studied showed a definite increase 
in the leukocyte count, which was much greater than the normal varia- 
tion under the conditions of our experiment 

We are indebted to Drs Brooke and Lorfeld for the technical assis- 
tance in this work 

SUMMARY 

On the basis of these results we conclude that m most cases the 
ingestion of three cakes of yeast daily causes a marked increase in the 
leukocyte count in apparently normal persons 
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Although there have been many experimental and clinical attempts 
to find a biliary antiseptic, 1 so far no drug has been shown to have a 
sufficiently strong or constant therapeutic action in bile to afford a 
solution of this important problem Surgical intervention, which 
hitherto has been the most satisfactory method of treatment, theoretically 
is not the method of choice Aside fiom its own difficulties, it often 
fails to eliminate the infection, especially in cases in which the bile 
passages and liver are involved 2 Moreover, even in cases of cholelithiasis 
requiring suigical treatment, it would be of great value to conti ol an 
accompanying infection before operation If, therefore, a diug can be 
found which can be shown to be excreted by the liver, to be present m 
the bile m bacteriostatic or bactericidal strength, and to be of low enough 
toxicity to allow its safe clinical use, it would be of great value m the 
treatment of biliary infections The use of such a drug would be indi- 
cated not only in the treatment of active infections, in which both the 
alleviation of the immediate condition and the relation between infection 
and cholelithiasis 3 are important, but also in the treatment of infections 
of the latent or chiomc type, especially as found m bacterial carriers 
A variety of oigamsms must be considered m the study of biliary 
antisepsis Of these, Ebeitliella typJn ( B typhosus ) has been the most 
thoroughly studied 4 Salmonella paiatypln (B paiatyphosus A), 
Salmonella schotmullen (B paiatyphosus B), the colon group bacilli, 
Eh ci t hell a pai adyscntenae (Hiss) and (Flc.xner) and vibrio comma, 
and the staphylococci 4 5 should be considered 

A resume of the numerous previous attempts to find a biliary anti- 
septic of value against one or more of these organisms shows the lack 
of success m this search so far, and indicates clearly the value of study- 
ing mercurochrome-220 soluble from this point of view This study is 
also suggested because, since the ongmal piesentalion of mercurochrome- 
220 as a local germicide, 0 the possibility of its use intravenously and also 
of its administration by mouth has been shown 8 Working simultaneously 

4 From the James Buchanan Brady Urological Institute, Johns Hopkins 

Hospital 
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with us, Rosenthal and White 9 have shown that mercurochome is elim- 
inated through the bile They say 

Mercurochrome departs from the blood more rapidly than fiumenn, and is 
excreted in the bile in larger quantities Thus m two rabbits there was an 
average biliary excretion of 25 per cent in one hour and 44 per cent in the 
two hours after injection 

Our own experiments on the excretion of mercuiochiome m bile aie 
shown m Tables 1 and 2 The method employed consisted of ligating 
the common duct of a rabbit, under ether anesthesia, and insetting a 
drainage tube into the fundus of the gallbladder Through this drainage 
tube, specimens of bile were collected, a control specimen before drug 
administration always being obtained The appearance time of the 
drug was noted As the leadings of drug concentrations m bile aie 
difficult, after approximate whole bile observations, the bile pigments 
were dissolved by the addition of an equal part of Schlessmger’s solu- 
tion (10 per cent solution of zinc acetate in alcohol) to each specimen 
After allowing the sediment to settle, direct readings could be made 
against standard mercui ochrome dilutions These tests pioved to be 
of value, for m highly colored bile the presence of the drug was l evealed 
m this way, when otherwise it would have been impossible to detect it 

These tables show that the drug first appears in the bile about fifteen 
minutes after an intravenous injection of 5 mg per kilogram of 
body weight, that it is present in its strongest concentration, from 
1 5,000 to 1 25,000, the first two hours after injection, that it con- 
tinues to be excreted in a concentration of from 1 8,000 to 1 50,000 
the next two hours, and that it has been entirely eliminated m twenty- 
foui hours That is, by intravenous administration, mercurochrome 
reaches the bile quickly, is present in strong concentration for at least 
four hours, and is gone m twenty-four hours Giving the drug by 
stomach, howevei , results in its appearance in the bile much more slowly 
— approximately the second hour aftei administration — and m concentra- 
tions weaker than those obtained by intravenous injection but still of bac- 
teriostatic or bactericidal strength, as will be shown later By properly 
adjusting the dosage of drug administered by mouth, it should be possible 
to obtain a constant presence of drug in the bile, which could be con- 
tinued for at least a week, as Young, Scott and Hill 8 have shown that 
900 mg a day of mercurochrome by mouth may be given clinically for 
a week or more without injury In these experiments, therefore, the 
first requirement for a biliary antiseptic has been met, namely, it has 
been shown that mercurochrome-220, given intravenously or by mouth, is 
excreted through the bile m strong concentrations 

In studying the germicidal action of mercurochrome in bile, three 
methods have been used first, entirely m vitro tests m bile , second, 
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combined m vivo-m vitro tests, in which the germicidal action of bile 
after the administration of meicurochrome was tested, and third, 


Table 1 — Appeal ance Tunc and Appioxunatc Concent! atxon of Mci cw ochi ome- 
220 m Gallbladdci Bile Aftci InUavcnous Infection of 5 Mg 
Pci Ktlogiam to Rabbits 


Time 

1 Boforc injection, control 

2 0 to ID minutes niter drug 


3 10 to 30 minutes alter drug 


4 31 to 45 minutes alter drug 
D 40 to CO minutes alter drug 
0 1 to P/i hours after drug 

7 PA to 1% hours after drug 

8 to 1% hours after drug 
0 1% to 2 hours alter drug 

10 2 to 2% hours alter drug 

11 2% to 2% hours alter diug 

12 2>/ to 2)i hours alter drug 

13 2% to 3 hours alter drug 

14 3 to 3% hours alter drug 

15 3’A to 3% hours alter drug 
10 $V 2 to 3% hours alter drug 

17 3%, to 4 hours alter drug 

18 24 hours alter injection (15 

minute specimen) 


Babbit A 

- A 


Whole Bile Pigment Pre 

Readings 

Readings 

No drug 

0 

13 minutes, 

0 

color change, 

14 minutes, 
definite drug 

Drug increasingly 
strong, very 
heavy by 27 
mmutes 

Drug strong 

1 5,000 

throughout 

Drug strong 

1 5,000 

throughout 

Drug very 

1 7,000 

strong 

Drug very 

1 7,000 

strong 

Drug stiong 

1 25,000 

Drug strong 

1 25,000 

Drug strong 

1 20,000 

Drug strong 

1 25,000 

Drug strong 

1 30,000 

Drug strong 

1 30,000 

Drug present 

1 35,000 

Drug present 

1 40,000 

Drug present 

1 40,000 

Drug present 

1 50,000 

No drug 

0 


Rabbit B 

y 


Whole Bile Pigment-Pre 

Readings 

Readings 

No drug 

0 

No definite 

0 

drug 

Sixteenth minute, 

1 G,G0O 

trace, eighteenth 
minute, drug picsent, 
eighteenth to thirtieth 
minute, incrcas 

Jngly strong 

Drug strong 

1 5,000 

throughout 

Drug strong 

1 5,000 

Drug strong 

1 0,000 

Drug strong 

1 0,000 

Drug strong 

3 0,000 

Drug strong 

1 0,000 

Drug strong 

1 8,000 

Drug strong 

1 8,000 

Drug strong 

1 10,000 

but less 

Drug strong 

1 15,000 

Drug strong 

1 20,000 

Drug strong 

1 20,000 

Drug present 

1 30,000 

Drug present 

No drug 

0 


Table 2 — Appeal ance Tunc and Approximate Conccntiahon of Mcicwocliiome- 
220 in Gallbladdci Bile of Rabbits After Mci cw oci omc-220 by Mouth 


Rabbit A Rabbit B 

1 Dose ol DO Mg per Kg 2 Boses ol DO Mg 4Hrs Apart 

* , , A 



Whole Bile 

Pigment-Pree 

Whole Bile 

Pigment Pice 

Time 

Readings 

Readings 

Readings 

Readings 

Before treatment 

No drug 

0 

No drug 

0 

Bfrst hour alter dose 

Very slight trace, 
bile d irk 

1 100,000 

No visible drag, 
bile dark 

0 

Second hour alter dose 

Drug present 

1 25,000 

Drug present 

1 25,000 

Third hour alter dose 

Drag present 

1 50,000 

Drag present 

1 50 000 

Fourth hour alter dose 

Drug present 

1 50,000 

Drug present 1 100,000 

Second Dose, 50 mg 

Pilth hour alter dose 

Sixth hour alter dose 

Seventh hour alter first dose 
Eighth hour alter first dose 

24 hours alter first dose 

Drug present 
Drug present 

1 55,000 

Drug present 
Drug strong 
Drug strong 
Drug present 
No visible drug 

1 50,000 

1 25,000 

1 20,000 

1 50,000 

1 100,000 


entirely in vivo tests, that is, the action of the drug intravenously and 
by mouth on rabbit gallbladder infections with Ebeithella typhi These 
groups of tests will be discussed separately 
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IN VITRO TESTS 

In all these, the method of Beckwith 10 was used because it was found 
to be very satisfactory, and because we desired to have our results as 
comparable to his as possible For this reason, through the kindness of 
Dr Beckwith, a culture of B typhosus 3 was obtained As the action of 
mercurochrome in salt solution and serum had been studied previously, 11 
we limited our tests to ox bile, freshly sterilized by autoclaving for 
twenty minutes at 15 pounds (6 8 kg ) pressure 

The essentials of the method, the exact details of which may be found 
m Beckwith’s article, 10 are as follows Small agglutination tubes care- 
fully cleaned and sterilized weie used, each tube receiving 09 cc of 
bile, except the bile control tubes, which received 1 c c Dilutions were 
made b) adding 0 1 cc of mercurochrome-220 dilution m bile, ten times 
the finally desired concentration of drug, to 0 9 c c of bile Preliminary 
tests were done with the dilutions used by Beckwith, that is, 1 1,000, 
1 10,000, 1 100,000, and 1 1,000,000, but, as the zones of action were 
more clearly defined, finally dilutions of 1 1,000, 1 5,000, 1 10,000, 
1 25,000, 1 50,000, 1 75,000, 1 100,000 and 1 250,000 were used 
In Table 3, in which the lesults of these tests are given, the killing 
strength indicates failure to kill at the next dilution m the series just 
enumeiated Having made and carefully mixed these dilutions of 
mercurochrome in bile, each tube was inoculated with two loopfuls of a 
twenty to twenty-four hour broth culture of the test organism, using 

0 4 mm platinum wire with an oese 2 mm m diameter Immediately 
after inoculation, plates were streaked with one loopful of the mixture 
to control the experiment, and subsequent transfers were made one, two, 
five and twenty-four hours after inoculation Parallel series of transfers 
were also made to broth, as the plate method was found to offer diffi- 
culties m certain drug concentrations in which inhibitive amounts of 
diug were carried over to the agar In every series the greatest care 
was taken to inoculate control tubes m drug-free bile with every 
organism, for the possible bactericidal action of bile has long been noted, 
especially by Leubuscher, 12 Neufeldt, 13 Talma, 14 Braun, 15 Fornet, 18 
Meyerstem, 17 Pies, 18 Nichols, 19 and Beckwith and Lyon 20 The results 
of these in vitro tests (Table 3) show that, m bile, mercurochrome in a 
concentration of 1 1,000 kills all the organisms tested, with the exception 
of Staphylococcus aweus, m one hour, and that m a concentration of 

1 5,000 it kills B typhosus 3 m the same length of time In five hours, 
with the exception of Salmonella paratyphi ( B paratyphosus A), Vibno 
comma and Staphylococcus aweus , all organisms were killed in a con- 
centration of 1 25,000, while the twenty-four hour killing strength, 
excepting Staphylococcus aweus, varied fiom 1 50,000 to 1 100,000 
Although too close a comparison cannot be made between different tests, 
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by comparing these figures with concentrations of mercurochrome found 
m bile after administration to labbits, it will be seen that germicidal 
action m vivo could be expected 


Table 3— Action of Met cui ochrome-220 %n Bile in Viti o 


Organism 

Eberthella typhi B (Beckwith) (B ty 
phosus) 

Eberthella typhi (Rawlings) 

Salmonella paratyphi (Paratyphi A) 

Salmonella schotmullerl (Paratyphi B) 

Eberthella paradysenteriao Flexner 
(B dysentenae Flexner) 

Eberthella dysentenae sbiga 

Eschenchia communior (B coli) 

Vibrio comma 
Staphylococcus aureus 


Drug 

Drug 

Drug 

Drug 

Concen 

Concen' 

Concen- 

Concen 

(ration 

trntion 

tration 

tration 

Killing 

Killing 

Killing 

Killing in 

in One 

in Two 

in Five Twenty-Four Drug-Free 

Hour 

Hours 

Hours 

Hours Bile Control 

1 5,000 

1 5,000 

1 25,000 

1 50,000 Good growth 
24 hours 

1 1,000 

1 5,000 

1 25,000 

1 15,000 Good growth 
24 hours 

1 1,000 

1 5,000 

1 10,000 

1 100,000 Good growth 
24 hours 

1 1,000 

1 5,000 

1 25,000 

1 100,000 Good growth 
24 hours 

1 1,000 

1 5,000 

1 25,000 

Bile control Good growth 
bactericidal through 5 
repeatedly hour tests 

1 1,000 

1 1,000 

1 25,000 

Bile control Good growth 
bactericidal through 5 
repeatedly hour tests 

1 1,000 

1 1,000 

1 25,000 

1 75,000 Good growth 
24 hours 

1 1,000 

1 5,000 

1 10,000 

1 50,000 Good growth 
24 hours 

1 100 

1 100 

1 1,000 

1 5,000 Good growth 

24 hours 


IN VIVO-IN VITRO TESTS 

In vivo-m vitro tests, specimens of bile taken from rabbits before 
and after the administration of mercurochrome were inoculated with 
B typhosus and tested as m the entirely m vitro tests, that is, one 
loopful removed just after inoculation and at intervals thereafter, 
plated and put in broth 

Experiment 1 — The rabbit had the common duct ligated and the drainage 
tube inserted m the gallbladder, and, after recovery from the ether anesthesia, 
was given 5 mg per kilogram of body weight of mercurochrome, intravenously, 
specimens of bile being taken before drug administration, and for four hours 
after injection There was a delay in appearance of the drug m the bile, 
until forty-five minutes after injection, which was found to be due to the position 
of the animal 


Table 4 — Results m Expeument 1 


Before Organisms Organisms Organisms 
Tnoculation, One Minute One Hour Twenty Four 
Bile Sterility after after Hours niter 

Specimen Control Inoculation Inoculation Inoculation 


Normal (before drug) 

First hour after drug (appearance time 45 
minutes) 

Second hour after drug 
Third hour after drug 
Fourth hour after drug 


Sterile 

Heavy 

Heavy 

Heavy 

Sterile 

Heavy 

Heavy 

Heavy 

Sterile 

Heavy 

Heavy 

Sterile 

Sterile 

Heavy 

Heavy 

Sterile 

Sterile 

Heavy 

Heavy 

Sterile 


In this experiment, the bile before drug administration allowing a heavy 
growth of Eberthella typhi twenty-four hours after inoculation, the specimens 
taken two, three and four hours after drug administration killed the organisms 
m twenty-four hours 
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Experiment 2 —This experiment was done by one of us (J H H) with 
Rosenthal, 0 and was prepared first for this paper A rabbit was given 5 mg 
per kilogram of body weight of mercurochrome intravenously, and bile speci- 
mens were taken before administration and thirty minutes, one hour and two 
hours after administration, 2 cc of each specimen being inoculated with 01 cc 
of a twenty-four hour broth culture of B typhosus 3 and transfer made to 
agar at once after inoculation, and one, sixteen and twenty-four hours after 
inoculation 


Table 5 —Results m Evpei intent 2 



Before 

Organisms 

Organisms 

Organisms 

Organisms 


Inoculation, 

One Minute 

One Hour 

Sixteen 

Twenty Eour 


Bile Sterility 

after 

after 

Hours after 

Hours after 

Specimen 

Control 

Inoculation 

Inoculation 

Inoculation 

Inoculation 

Normal 1 (before drug) 

Three 

Heavy 

Heavy 

Heavy, 

Heavy, 

colonies 

Ebcrthella 

EbeTtliella 

both or 

both or 


Staphylo- 

coccus 

albus 

and one 
eolonj 
Staphylo- 
coccus 

and two 
colonies 
Staphylo- 
coccus 

ganisms 

ganisms 

Normal i (before drug) 

Moderate 

Heavy 

Heavy, 

Heavy, 

Heavy, 

gron th 

Ebertliella 

both or- 

both or 

both or- 


Staphylo 

coccus 

albus 

two colonies 
Staphylo 
coccus 

ganisms 

ganisms 

ganisms 

Thirty minutes after drug 

Moderate 

growth 

Staphylo 

coccus 

albus 

Heavy 

Sterile 

Sterile 

Sterile 

One hour after drug 

Tv, o colonies 
Staphylo- 
coccus 
albus 

Heavy 

Sterile 

Sterile 

Sterile 

Tuo hours after drug 

Three 
colonies 
Staphylo 
coccus albus 

Heavy, 
one colony 
Staphylo- 
coccus 

Sterile 

Sterile 

Sterile 


In this case, with the control or drug-free specimens allowing a heavy 
growth of the inoculum, Ebetthella typht, and no diminution of the contaminating 
Staphylococcus albus within thirty minutes after drug administration, the bile 
had become sufficiently bactericidal to kill the large number of organisms 
inoculated, as well as the staphylococcus, in one hour Better bactericidal action 
than this we believe it would be difficult to demonstrate 


IN VIVO TESTS 

As Beckwith has shown, especially with the flavines, that drugs 
active m bile in vitro may not be of use in eliminating biliary infections, 
we have tested the action of mercurochrome on rabbits with gallbladder 
infections of B typhosus 3 The infections were obtained by intravenous 
inoculations, or, more satisfactory, by dnect inoculation of the gall- 
bladder Even when using the lattei method, we felt that it was 
necessary to control the experiments m two ways, first, by obtaining a 
positive culture from the bile before treatment and, second, b) examining 
a series of untreated rabbits which had received the same inoculation 
The protocols of the experiments are given in Table 6 

From this table, it will be seen that after single intravenous injec- 
tions of o and 5 mg per kilogram of body weight no organisms could 
be recovered from the bile of animals in which the infection had been 
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demonstrated previously by culture of the bile Similarly, no organisms 
were found after repeated intravenous injections of 5 mg per kilogram 
of body weight The bile was found to be sterile after administration of 
a total of fourteen doses of the drug (two doses daily of 7 5 mg per 
kilogram) by mouth The controls, on the contrary, were positive 
m every case, the gallbladders of these animals also showing macro- 
scopic evidence of persisting infection 

SUMMARY 

It has been shown that mercurochrome is excreted by the liver, that 
it appears m the bile m strong concentrations, that bile after the 
intravenous administration of the drug is bactericidal when inoculated 
with the typhoid bacillus Ebeithclla typJn 

It has also been shown that, in vitro, mercurochrome is active against 
organisms of the colon-typhoid-dysentery groups and against Vibuo 
comma 

It has been possible to cure rabbits that had been made gallbladder 
carriers of Eberthclla typln by giving mercurochrome intravenously or 
by mouth 

CONCLUSION 

In mercurochrome-220, a drug has been found which experimentally 
meets the requirements of a biliary antiseptic, m that it is excreted in 
the bile in bacteriostatic and bactericidal strength, and which, as has 
been previously shown, is of low enough toxicity to allow its safe 
clinical use intravenously or by mouth The trial of mercui ochrome 
clinically in both latent and acute gallbladder infections is not only 
justified but also clearly indicated from these experimental findings 
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BLOOD VOLUME 


I A METHOD FOR DETERMINING WHOLE BLOOD VOLUME BASED ON 
THE CIRCULATING CORPUSCLE VOLUME * 

WINIFRED ASHBY, PhD 

ROCHESTER, MINN 

A method is presented for determining whole blood volume by means 
of the circulating corpuscle volume After a transfusion of unlike group 
blood, the transfused corpuscles can be separated from the recipient’s 
corpuscles by agglutinating the latter with a seium of the same type as 
that of the blood transfused If the transfusion is of blood of Group 1 
(Group 4, Moss) into a recipient of Group 2, 3 or 4 (Group 1, Moss), 
the separation will be nearly quantitative Since the amount of blood 
transfused is known, the degree of its dilution in the recipient may be 
determined and the blood volume calculated 

The method, which has already been noted, 1 is of interest because, 
owing to the simplicity of the procedure and to the stability of the unlike 
group blood in the circulation of the recipient, multiple determinations 
can be made over a considerable length of time The method is a 
by-product of a purely therapeutic measure and inconveniences patients 
very little In fact, the procedure is so simple that it would be feasible 
to run several daily blood volume determinations over a period of two 
or more weeks Although the method, dependent as it is on corpuscle 
counting, does not have the degree of consistency of the dye method, 2 
for instance, and is not preferred when that can be used, it nevertheless 
has the advantage that, since it affords an almost continuous picture of 
blood volume changes, the possibilities of blood volume behavior may be 
deduced from it, the verity of which may be checked at appropriate 
periods by some method mechanically more accurate In other words, 
it may be used as a scouting measure, and on apparent blood volume 
changes of significance the finding can be substantiated by some other 
procedure, such as injection of vital red It also has a certain theo- 
retical interest in connection with the question of the equality of dis- 
tribution of the corpuscles throughout the circulation The error 
inherent to the technic is equivalent to that of the routine red cell count 

* From the Mayo Foundation 

1 Ashby, Winifred Some Data on the Range of Life of Transfused 
Blood Corpuscles m Persons Without Idiopathic Blood Diseases, M Clin 
N Am 3 783-799 (Nov) 1920 

2 Keith, N M , Rowntree, L G , and Geraghty, J T A Method for 
the Determination of Plasma and Blood Volume, Arch Int Med 16 547-576, 
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Ihe method, which beais certain resemblances to that of Todd 3 is as 
follows A count of the cells in the blood to be transfused is made and 
the initial unagglutmabihty of the recipient’s blood with Group 1 serum 
is tested by a method previously described , 4 then the patient, who must 
be either m Group 2, 3 or 4 (Group 1, Moss) receives a transfusion 
of 500 cc , or more, of Group 1 (Group 4, Moss) blood At any time 
within two or more weeks, if there does not appear to have been any 
elimination of the transfused blood, a count of the unagglutmable cor- 
puscles m the patient’s venous blood may be made, and from the degree 
of dilution of the transfused blood m the circulation of the recipient, 
the volume of the whole blood may be calculated using the formula, 

V s , V being the total volume, V t the volume of the blood trans- 

u 2 — u, 

fused, C t the count of the corpuscles m the blood transfused, and U x and 
U 2 the counts of unagglutmated corpuscles before and after transfusion 
For obtaining the venous blood a small syringe containing a trace of 
dry citrate and fitted with a fine needle may be used without annoying 
the patient much more than would the ordinary ear puncture One 
cubic centimeter of blood or less is sufficient 

The method is of theoretic interest because by means of it a whole 
blood volume may be derived, which depends on a corpuscle volume 
measurement , and also because this corpuscle volume measurement does 
not involve the noncirculatmg hemoglobm-hke substance, as may occur 
with the carbon monoxid method The whole blood volume derived 
from it should correspond to blood volumes obtained by the injection 
of a plasma soluble substance, except that the error due to irregularities 
m the relative distribution of plasma and corpuscles should, with this 
method, be exactly the converse of that involving the use of a serum 
soluble substance That this method is based on a direct corpuscle 
\ olume determination appears readily on analysis 

It is assumed that the transfused blood corpuscles, C t X V t , are 
evenly mixed with the circulating corpuscles of the recipient, but not 
necessarily evenly distributed throughout the circulation. Any sample 
of blood drawn should show the same ratio between the count of the 
transfused blood corpuscles and the red cell count as exists between the 
total number of cells injected and the total number of cells m the body 
Therefore, C t X V t , the number of cells transfused, divided by 

3 Todd, C , and White, R G On the Fate of the Red Blood Corpuscles 
When Injected Into the Circulation of an Animal of the Same Species, with 
a New Method for the Determination of the Total Volume of the Blood * Proc 
Roy Soc, London 84 255-259, 1911-1912 

4 Ashby, Winifred Study of Transfused Blood, I, The Periodicity in 
Eliminative Activity Shown by the Organism, J Exper Med 34*127-146 
(Aug) 1921 
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U 2 — U 1} the number of the transfused corpuscles per unit volume of 
the recipient’s blood, multiplied by C, the red cell count for a unit volume 
of the recipient’s blood, determined from the same specimen as U 2 , gives 
the total number of corpuscles m the cnculation To obtain the total 
corpuscle volume, it is only necessaiy to know the volume of an average 
corpuscle, which can be denved by means of the hematocrit If the 
recipient’s cells are of a different size fiom those of the transfused 
blood, a correction could, of course, readily be made, as the relative 
numbers of transfused and native cells are known, no correction can, 
howevei, be made for any change in the size of the individual corpuscle 
which may occur as it passes to different parts of the circulation, where 
it is exposed to diffeient tensions of carbon dioxid If we proceed to 
obtain a figure for the total blood volume, the conti lbution of the 
hematocrit m determining the coipuscle volume will cancel out , 5 there- 

f 01 e, all we 1 eally need to know is that as there are — — - Ct — cells in the 

u 2 — Ui 

circulation, and C cells in the unit of blood examined, assuming that the 
proportion between plasma and corpuscles is the same in the rest of the 
C X CtVt 

body, ~u 2 — u, will give the number of those unit volumes v Inch measure 
_ 

the total blood of the circulation C cancels out, and the formula for the 

whole blood derived from the cell volume is ■ Ct Vt . Although, from 

u. — u, 


5 Let X 1 be the volume of the corpuscles in 1 c mm of the blood trans- 
fused Let X p be the volume of the corpuscles in 1 c mm of the patient’s 

xt Xp 

blood before transfusion Then ~ and — will equal the volume of 

an average corpuscle respectively of the transfused blood and of the patient’s 
blood before transfusion The hematocrit reading of the patient’s blood 

xt Xp 

after the transfusion will be "c 1 * ^ Qp X 

* _ 

and the average volume of a corpuscle in the patient’s circulation after the 
xt Xp 

transfusion will be C t X Ul ^ ^ "cp" x — ^ U2 — u i]) 

C 


Since the total number of corpuscles in the circulation are 
the total corpuscle volume will be 


C l V‘ 
U : — Ui 


X c 


ct vt Xt X p 

Us — Ui XCX -X(U 2 -U 1 )+-X(C- CUs - UJ) 

~ 

and the whole blood volume which is obtained by multiplying the corpuscle 

C‘ Vt 

volume by 1 over the hematocrit reading, will be 
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a casual consideration of the matter, it might seem that by substituting 
cotpuscles for vital dye, I am simply introducing another method for 
measuring plasma volume, it will, I believe, be seen, on more careful 

consideration, that it is in reality a coipuscle volume method, as^iZi 

depends on the total numbei of coipuscles m the circulation, 11 respective 
of their distnbution 

LENGTH OF TIME THAT ALL THE 1RANSFUSED CORPUSCLES 
REMAIN IN THE CIRCULATION 

In any blood volume detei mination involving the injection of some 
substance distinguishable in the circulation, and the determination of its 
degree of dilution, the relative length of time before which an appreciable 
amount of the substance is lost from the cu culation is a matter of 
importance In my opinion, all the unlike group corpuscles, as a rule, 
stay in the circulation for fiom two to three weeks, sometimes longei 
Apparently, they ai e m part eliminated by a certain physiologic state of 
the recipient, after which those escaping destruction remain in the circu- 
lation until removed by another crisis of elimination The evidence for 
this conception has been given elsewhere 4 Although, in some patients, 
there is an initial fall in the count of the transfused corpuscles, there is 
reason to assume that it is due to an increase m the blood volume, and 
not to elimination of transfused corpuscles These drops m the count 
have generally occurred either in patients who have received trans- 
fusions because of loss of blood and shock resulting from operation, 
and whose initial blood volumes have been low, as calculated by this 
method , or m patients with pernicious anemia whose first blood volumes 
have been low, but latei, with evidence of improvement, have been 
apparently mci eased Furthermore, the blood volume did not decrease 
beyond a point which would be consistent with dilution caused by the 
establishment of a probable blood volume as detei mined by the method 
of injection of vital red As there were many instances in which the 
count of the transfused corpuscles was maintained at approximately the 
some level after transfusion, it would seem practically certain that when 
these initial diops m the count occur, they are due to blood volume 
adjustment, and that there is no elimination of the tiansfused corpuscles 
until one of these abiupt and marked changes m the count occurs The 
findings m two cases of pernicious anemia that I have had the opportu- 
nity to study intensively for a long time are tabulated in Table 1 The 
constant counts for twenty-eight and thirty-one days, respectively, are 
shown, aftei which, within from two to three days, a fall occurred, and 
the count lemamed approximately constant at a lower stage for thirty- 
one days, in one instance, and for fourteen days, m the other, as long 
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as the patient was under observation Determinations were made from 
blood taken from the ear 

Table 1— Cases of Pernicious Anemia, Showing no Loss of Transfused Blood 
foj a Month, with Subsequent Stephke Fall in Count 

Case 244, patient in Group 2 who receded transfusion of 500 c c of Group 1 blood and Group 2 
transfusion on the seventh, forty-ninth and fifty fifth days after the Group 1 transfusion 


Days After 

Total 

Red Cell 

Count of 
Unagglutinated 

Transfusion 

Count 

Corpuscles 

0 

3,080,000 

645,000 

3 

2,990,000 

616,000 

6 

2,810,000 

629,000 

8 

3,280 000 

621,000 

11 

3,220,000 

098,000 

13 

3,430,000 

702,000 

15 

2,990,000 

631,000 

17 

3,050,000 

621,000 

19 

3,140,000 

644,000 

21 (patient felt better) 

2.920.000 

2.770.000 

593,000 

22 

61G.OOO 

24 

2,940,000 

638,000 

26 

2,780,000 

623,000 

27 

2,940 000 

597,000 

31 

2,940,000 

052,000 

34 

2,S20,000 

451,000 

36 

2,750 000 

557,000 

3S 

2,800,000 

542 000 

56 

3,180,000 

513,000 

58 

3,480,000 

509,000 

60 

3,260,000 

467,000 

62 

2,990,000 

467,000 

6-1 

3,300,000 

519,000 

6S 

3,300,000 

479,000 

69 

3,080,000 

451,000 

71 

3,010,000 

42SOOO 

73 

3,110,000 

372,000 

75 

3,010,000 

377,000 

77 

3,210,000 

3S5,000 

79 

2,920,000 

421,000 


Case 214, patient in Group 2 who 
while under observation 

Days After 
Transfusion 
5 
7 
10 
12 
14 
17 
19 
21 
24 
26 
28 

SI 

S3 

35 

3S 

42 

45 


received a Group 1 transfusion 

Total 
Red Cell 
Count 

1,150 000 

1.490.000 

1.470.000 
1,750 000 

1.610.000 

1,810,000 

2.050.000 

1.910.000 

2.130.000 

2 . 200.000 

2.850.000 

2.770.000 
2 910,000 
3,030 000 

2.360.000 

2.270.000 

2.370.000 


and five Group 2 transfusions 

Count of 
Unagglutinated 
Corpuscles 

328 COO 

437.000 

362.000 
360 COO 

333.000 

380.000 

340.000 

380.000 

327.000 

317.000 

339.000 

277.000 

267.000 

280.000 

253.000 

245.000 

221.000 


'Wearn, G however, who has used my method of determining the length 
of life of the unlike group transfused corpuscle, in a series of patients 


6 Wearn, J T , Warren, Sylvia, and Ames, Olivia The Length of 
Life of Transfused Erythrocytes m Patients with Primary and Secondary 
Anemia, Arch Int Med 29 527-538 (April) 1922 
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with pernicious anemia, and m another series with nephritis, considers 
that the transfused cells show a “steady gradual disappearance from the 
circulation of the recipient,” but his data do not seem to me to support 
this conclusion As he himself admits, the majority of his cases were 
observed at intervals too far apart to decide this point , then, too, the 
type of case chosen is one m which the vital red method has disclosed 
considerable capacity for volume variation In the case of a patient with 
pernicious anemia, one of his most intensively studied cases, and one in 
which the transfusion was sufficiently large so that the fluctuations m 
the count of transfused corpuscles would not be within the error of the 
technic, there was a very definite indication of the steplike progress of 
elimination Six hundred cubic centimeters of Group 1 (Group 4, Moss) 
citrated blood was transfused into a patient in Group 2, immediately 
afterward, the count of unagglutmable corpuscles was 530,000, while 
that taken thirty-one days later was 553,850, forty-eight days after 
transfusion, the count was 349,800, and fifty days after this reading, 
during which time certain irregular changes m the count occurred, one 
of which was, I believe, due to icebox incubation, the count was 351,450 
Similarly in Case G, the first count of unagglutmable corpuscles, taken 
two days after transfusion, was 253,000, twenty-eight days after trans- 
fusion, it was 265,650 The next count, taken three days after this, 
was 163,350, that eighteen days later was 130,550 In Wearn’s two 
cases of pernicious anemia, B and C, there was an initial fall of the 
count, which, judging from the amount of blood injected and the degree 
of the fall, might well have been due to improvement m the blood volume, 
as afterward the counts stayed on a level for considerable time Of his 
nephritis cases, Case IT would seem to me to be the only one that offers 
any evidence of continuous elimination of the transfused blood corpus- 
cles, and, according to the proctocol, there was a continuous loss of blood 
m the urine, which, m the course of sixty days, may have been sufficient 
to affect the number of transfused corpuscles However, the amount of 
blood transfused, 250 c c diluted with citrate solution, was so small that 
it would be unwise to place much significance on the counts of transfused 
blood His most significant case was Case A, because it was the most 
intensively studied and because a larger amount of blood was given , and 
yet this case does not substantiate the contention of a continuous and 
gradual elimination If, as I believe, none of the transfused corpuscles, 
as a rule, leave the circulation for from fourteen to twenty or more 
davs, this method is good for a prolonged study of blood volume changes 
When doubt arises as to whether elimination of transfused corpuscles or 
increase in blood volume has occurred, the point must be checked by the 
parallel use of another method 
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CONSISTENCY OF THE AGGLUTINABILITY OF THE 
recipient’s CORPUSCLES 

As this blood volume method is designed to be used over a con- 
siderable length of time, besides knowing something about the probability 
of elimination of the transfused blood, it is also necessary to know the 
probabilities of any change occurring in the agglutmability of the cor- 
puscles of the recipient The completeness of agglutination of the 


Table 2 — Effect of Change in Concentration of Corpuscles on Unagglutinable 
Residue, Ui, of Pure Agglutmable Blood Sample, the Same 
Agglutinating Serum Being Used for all Bloods 





Count of 



Degree of Dilution 

Unagglutmnted 

Original 

Blood Showing No Effect of Concen 


- 

-a Corpuscles 

Count of 

tration of the Corpuscles on Ui 

Blood 

Serum 

m 1 Mm 

Blood 

Blood 1 

1 

55 

2,050 

1,770,000 


2 

55 

2,030 



4 

55 

2,250 



5 

55 

2,500 


Blood 2 

2 

55 

1,800 

1,510 000 


5 

55 

2,150 


Blood 3 

1 

55 

550 

4,500,000 


9 

55 

GOO 



4 

55 

550 



6 

55 

500 


Blood 4 

1 

55 

1,300 

5,000,000 


2 

55 

£00 



4 

55 

1,350 



6 

55 

1,300 


Blood 5 

1 

55 

2,000 

5,390,000 


2 

55 

1,600 



4 

55 

1,000 



6 

55 

1,700 


Blood Showing an Eacct of Concen 





tration of the Corpuscle on Ui 





Blood 6 

1 

55 

600 

4,480,000 


2 

55 

1,500 



4 

55 

2, £00 



6 

55 

5,600 


Blood 7 

9 

55 

1,700 

2,240,000 


5 

55 

5,500 


Blood S 

2 

55 

3,850 

3,800,000 


5 

55 

6,500 



recipient’s corpuscles depends partly on the potency of the serum used, 
and partly on a quality mheient to the corpuscles Certain serums will 
agglutinate pure blood of an agglutmable type with a smaller residue of 
free corpuscles than will others The potency of the serum can readily 
be checked, and, as iso-agglutinins are quite stable, it is often possible 
to use the same serum throughout a series of experiments The possi- 
bility of change in the agglutmability of the recipient’s corpuscles, how- 
ever, called for investigation It was necessary to know whether, as a 
result of a change m the condition of the patient, any change in the 
agglutmability of his corpuscles occurred, and also what error was 
introduced on an improvement or drop m his cell count by the increase 
or decrease m the number of his corpuscles, or, which involves the same 
point what coirection should be made for the unagglutinable count of the 
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patient’s own corpuscles, U 1} when because of too gieat a density of the 
transfused corpuscles for convenience m counting, a further dilution 
with serum is necessary 

It would appear fiom a study of the unagglutmable residue of blood 
unmixed with corpuscles of an unagglutmable type that the agglutina- 
bility of the recipient’s corpuscles is peculiar to the individual , it may 
change, but usually does not even in as long a period as a year, and that 
for the majority of bloods the number of cells free aftei agglutination 
does not depend on the density of the suspension agglutinated 

In five instances (Table 2), on varying the amount of blood agglu- 
tinated with a given amount of serum, the number of free corpuscles 
remained the same The mechanism suggested, in these cases, was that 
which determines the dissolved fraction of a comparatively insoluble 
salt in the presence of an excess, rather than the differential agglutina- 
tion of the more agglutmable corpuscles of a not entirely homogeneous 
mixture In tlnee bloods, on the other hand, this was not the case 
These bloods, which, compared with the others, gave a high count of 
unagglutmable corpuscles, showed a variation in the number of free 
corpuscles as the amount of blood per unit volume of serum was 
changed This may have been due to the presence of unagglutmable cells, 
of which there weie more m the nchei mixtures of blood, as suggested 
by the woilc of Isaacs, 7 but as I have not found the cells described by 
Isaacs to be unagglutmable by my technic, I considei it moi e likely that 
the corpuscles, in these instances, weie uniformly weakly agglutmable 
to such a degree that the mechanical manipulation necessaiy for making 
the count became a factor and loosened a greater number m the specimens 
with moi e clumps present The findings are listed in Table 2 

Of twelve subjects whose blood was studied for agglutinabihty over 
mteivals ranging from one day to a year, nine showed a consistency in 
the count of unagglutmated corpuscles which came within the error of 
the technic The majority of these were patients with pernicious anemia, 
receiving a series of transfusions , one was a normal donor whose blood 
was tested before hemorrhage, and three days later Of the three patients 
who showed variation, the blood of Mrs S , which had a high count of 
unagglutmable corpuscles, showed an increase in agglutinabihty when 
the patient had an attack of pneumonia, with a return towaid the high 
count on her recovery The two marked exceptions were found m two 
patients whose counts weie taken simultaneously a month apart, in one 
of these, there was an increase in the count of unagglutmable corpuscles, 
and m the othei a decrease (Table 3) 

7 Isaacs, Raphael Properties of Young Erythrocytes m Relation to 
Agglutination and Their Behavior in Hemorrhage and Transfusion Arch Int 
Med 33 193-209 (Feb ) 1924 
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The practical result of these observations is that, after an unlike 
group transfusion, the probabilities are that the agglutinability of the 
recipient’s coipuscles will not have changed, and that a true figure for the 
number of unagglutinable corpuscles introduced by the transfusion will 
be obtained by substractmg the count of unagglutinable corpuscles made 

Table 3— Illustrations of Degiee of Stability of Ui, Residue of Unagglutmated 
Coipuscles of an Agglutmable Blood, Observed in Patients 
Over Vaiytng Lengths of Time When Gi ottp 1 
Semin Was the Agglutinating Medium 


Case 

Date 

Red Cell Count 

Hi 

23 

1/ 4/19 
12/ 8/19 

830,000 

80,000 

70,000 

97 

10/ 7/19 

4/ 2/20 

9/ 2/20 

1.900.000 

2.080.000 
2,240,000 

70.000 

87.000 

70.000 

155 

5/ 9/21 
5/16/21 

1.480.000 

2.380.000 

18,700 

14,000 

Dr W 

2/24/20 

2/26/20 

2/28/20 

S/ 3/20 

3/ 5/20 

4.290.000 

4.120.000 

3.450.000 

3,450 000 

2.720.000 

71.000 

62.000 
66,000 

71.000 

74.000 

J H 

2/ 8/21 

2/ 8/21 

3/ 2/21 

3/ 3/21 

1,160,000 

1,890,000 

1,310 000 

1,760 000 

55.000 
5S,COO 

43.000 

49.000 

Mrs B 

SI 4/21 

2/ 4/21 

1.920.000 

2.090.000 

53.000 

40.000 

N 

2/20/24 

3/21/24 

1,510 000 
1,9SO,000 

47.000 

69.000 

A 

2/20/24 

3/21/24 

2.240.000 

3.510.000 

102,000 

113,000 

Mrs S 

2/ 4/21 

SI 4/21 

St 7/21 
2/13/21 
2/14/21 
2/15/21 
2/26/21 

1 810 000 

2.360.000 

2.330.000 

2.280.000 

1.890.000 

3.250.000 

101,000 

98.000 

76.000 

96.000 

50.000 

45.000 

77.000 

J C 

2/26/21 

2/29/21 


28,000 

11,000 

0 

2/20/24 

3/21/24 

3.810.000 

3.940.000 

128,000 

79,000 

B 

2/20/24 

3/21/24 

1.770.000 

2.890.000 

40,000 

102,000 


Notes 


Spleneetomj, Aug 5, 1920, followed by trans 
fusion 

Patient m Group 4, receiving Group 2 trans 
fusions 


Before transfusion 
After transfusion 


Before transfusion 
After transfusion 

Receiving a senes of transfusions 


Receiving a series of transfusions 


Before transfusion 
After transfusion 


Had pneumonia 


Professional donor 

Three days after loss of 500 c c of blood 


Transfusions 


by the same technic before transfusion from the count of unagglutinable 
corpuscles made after transfusion If, in the meantime, the patient’s 
blood count has changed, the probabilities of error will be less, if no 
account is taken of the change in making allowance for the native 
unagglutinable cells When, because of too great a density of the trans- 
fused unagglutinable corpuscles, it is difficult to make the count and it 
becomes necessary to dilute the specimen, as taken by the usual technic, 
with serum, before subtracting the initial count of the recipient’s unag- 
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glutmated corpuscles from the total count, the initial count should be 
multiplied by the amount of the dilution of the specimen 

A COMPARISON OF COUNTS MADE ON BLOOD FROM THE EAR AND 

FROM THE VEIN 

In a series of comparisons of red blood counts made from the ear 
and from the basilar vein, it was found that the counts of blood fiom 
the ear might be higher or equal to the counts from the vein, but that 
they were usually higher , very exceptionally weie they lower This was 
true in normal subjects and m patients with pernicious anemia The 
range in the absolute difference m the counts in the patients with per- 
nicious anemia was equal to that in the normal subjects, being from 0 to 
about 80,000 corpuscles for each cubic millimeter of blood, the per- 
centage difference in the patients was, of course, because of the low 
red blood counts, veiy much greater m this group The fact that the 
range of absolute difference is similar in the two groups suggests that 
this increase m the capillary count over the venous count may not be a 
function of the blood, for if the difference were due to a change in the 
proportion of corpuscle and serum, it would be much gieatei m the 
normal blood It would seem probable that it is a function of some- 
thing which is more equal m the two types of cases This common factor 
is likely to be capillary volume It seems to me that on cutting tissue, 
certain of the capillaries may go into the expanded condition of shock 
and permit the passage of fluid through their walls, thus becoming 
packed with corpuscles, as described by Krogh 8 The slight milking, 
employed to obtain the drop of blood for the count, would be expected to 
dislodge these and increase the count taken from such a cut over that 
taken from the vein The fact that duplicate counts from the ear have 
proved to be more irregular than can be explained on the basis of eri or 
m the technic of dilution and counting, as judged from the percentage 
of error found m the work of the same technician in duplicate counts 
of citrated blood, would seem to indicate that the error lies m the process 
of obtaining the blood Since I believe it highly probable that a count 
of blood taken so that it includes blood obtained from injured capillaries 
may not be a true index of the corpuscle content prior to injury, I 
consider it very desirable to obtain the count from venous blood 

SUMMARY AND CONCLUSION 

A method for determining blood volume is described, based on the 
degree of dilution of transfused Group 1 (Group 4, Moss) blood m a 
recipient of another group 

8 Krogh, A The Anatomy and Physiology of Capillaries, New Haven 
Yale University Press, 1922 6 ’ 
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It is shown that the whole blood volume obtained by this method is 
dependent on circulating corpuscle volume On this account, the results 
obtained by it would constitute a check on whole volume calculations 
based on plasma -volume determinations 

The method is advocated as a means of studying blood volume 
changes 



ASTHENIA AS A CHIEF COMPLAINT IN 
CARCINOMA OF THE STOMACH * 

A M MASTER, MD 

NEW YORK 

That the subject of gastric caicmoma is a paramount one must be 
evident to all About one half of all cancers occur in the stomach 
Martin 1 found that 0 47 pei cent of all hospital admissions are foi 
gastric cancer Ewing 2 similaily emphasizes the great frequency of this 
tumor “The stomach is probably the most frequent seat of cancer m 
the male, as the uterus is m the female ” Whether the condition numbers 
one third or one half of all neoplasms is not essential, but it does demon- 
strate the tremendous impoitance of early recognition Modern 
medicine and surgery avail little Whereas our laboratory aids have 
advanced, oui clinical intuition has lagged behind, and so we find that 
the diagnosis of gastric carcinoma is still terribly hopeless Hence, any 
clinical means that may aid the internist or laboratory man in making 
an earlier diagnosis must be of distinct value 

In the study of this subject, one finds that the usual textbook descrip- 
tions have been handed down from author to author Similarly, the 
clinician in the diagnosis of peptic carcinoma keeps m mind the picture 
of an old man with a palpable tumor, cachectic, vomiting and with 
anacidity 

Befoie these symptoms and findings become outstanding, there must 
have been a period of growth when theie were none or, at the most, 
few symptoms , so, too, before the roentgenologist finally examines the 
patient and discovers a large defect, there must have been a time when 
a small lesion was piesent It is with the hope that carcinoma of the 
stomach will be suspected earlier in certain types of cases that this 
paper is presented The type referred to is the case m which gastro- 
intestinal symptoms are entirely lacking, or, if present, occur to a 
minimal degree In fact, one can usually obtain moie or less indefinite 
gastro-mtestmal complaints m any individual between 40 and 60, espe- 
cially if he is ill The patient who has gastro-mtestmal complaints m the 
foreground is the classical type, the one described m books and taught 
m the medical school It is the other type, less frequent, more difficult 
of recognition but none the less important, with which we are concerned 
In fact, one author 1 goes so far as to state, “One general rule holds m 

* From the admitting department, Mount Sinai Hospital 

1 Martin C F Carcinoma of the Stomach, in McCrae, Osier Modern 
Medicine 3 264 

2 Ewing Carcinoma of the Stomach, in Neoplastic Diseases, Ed 2, p 624 



528 


ARCHIVES OF INTERNAL MEDICINE 


most cases, viz , the absence of all gastric symptoms and signs is impor- 
tant evidence against cancer” With this statement the facts of this 
paper differ entirely 

The following is the first case of gastric caicinoma in which the 
history ret ealed absolutely no gastric symptoms and m which weakness 
was the chief complaint or signal symptom 

Case 1 —A Russian, aged 56, married, a waiter, was admitted, Jan 5, 1922, 
and discharged January 25, with the diagnosis of carcinoma of the stomach 
(inoperable) The condition was unimproved 

His chief complaint was weakness, which had persisted for the last six months 
He had been told some time previously that he suffered from kidney trouble 
However, he had no dysuria, no nocturia or hematuria, only frequency His 
present illness commenced about six months before admission, with a feeling of 
weakness This weakness progressively increased until about one week before 
admission, when it became so marked that the patient was forced to discontinue 
work and go to bed No gastric symptoms, no nausea or vomiting and no jaun- 
dice were present His appetite was fair, he was mildly constipated He never 
noticed bloody or tarry stools, and there was no known loss of weight 

Physical examination showed a poorly developed and poorly nourished middle 
aged man Physical examination was negative, except for a marked, yellowish 
pallor of the mucous membranes and the skin A small, lipomatous mass was 
found near the left nipple The deep reflexes were hyperactive 

Because of the pallor, complete routine blood tests were performed The 
bleeding and coagulation time were normal The blood count showed 52 per 
cent hemoglobin, 3,160,000 erythrocytes (0 83 color index), 10,000 leukocytes, 
72 per cent polymorphonuclears , 18 per cent lymphocytes, and 10 per cent 
monocytes Slight anisocytosis and poikilocytosis of red cells were present 
Blood platelets numbered 106,000 The blood pressure was 145 systolic, 65 
diastolic The Wassermann test was negative The phenolsulphonephthalein 
test resulted m the return of 24 per cent dye excretion in two hours The stools 
were found positive for occult blood The roentgen-ray examination of the 
gastro-intestinal tract showed evidence of a neoplasm on the posterior wall and 
lesser curvature, just below the cardia It seemed quite extensive The pyloric 
half of the stomach showed no abnormality Peristalsis in the area was normal 
Surgeons considered the case inoperable 

Apparently, the caidia and pyloric orifices were patent, peri- 
stalsis was normal and no retention was present, hence, there were no 
gastric symptoms This is the usual type m which weakness is the chief 
complaint, and m which gastro-intestinal symptoms are entirely absent 
or negligible 

The second patient was a man who entered the hospital for an acute 
inflammatory condition of the eyelid, but whose fundamental complaint 
was weakness 

Case 2 A peddler, single, admitted, May 15, 1923, and discharged, August 
22, with the diagnosis of carcinoma of the stomach, was admitted to the eye 
service with a complaint of pam and swelling about the right eye which he had 
had for eight days He had had gonorrhea fifteen years before, with a “touch 
of chancre at the same time For six months, he had been feeling weak and 
run down, and occasionally suffered from dizzy spells 
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Physical examination showed an acutely ill man, aged about 45, with lemon 
colored slan and swelling and redness of the right eye, the lids being almost 
closed Red streaks extended along the forehead The optic nerve heads were 
pale The teeth were in poor condition The tongue was glossy, smooth and 
atrophic A large “spleen” was palpated m the left hypochondnum, four fingers 
below the costal margin, extending to the epigastrium 

The provisional diagnosis was orbital cellulitis with spreading lymphangitis 
(cavernous sinus disease 7 tabes 7 ) 

The right upper and lower lids were incised, and pus was evacuated The 
visual fields were found to be normal The blood pressure was 110 systolic, 
55 diastolic A diagnosis of splenomegahc cirrhosis was made because of the 
large liver and spleen The glossy tongue was ascribed to syphilis 

The patient was transferred to the medical side of the hospital The blood 
count was 34 per cent hemoglobin , 3,184,000 red blood cells (0 53 color index) , 
19,200 white blood cells , 68 5 per cent polymorphonuclears , 2 5 per cent eosino- 
phils , 0 5 per cent basophils , 20 per cent lymphocytes , 7 per cent monocytes, and 
1 5 per cent myelocytes The blood platelets totaled 450,000 The stool was posi- 
tive to the quaiac test for blood No free hydrochloric acid was found in the 
fasting or the Ewald test meals The urme was constantly negative The blood 
and the spinal fluid Wassermann tests were negative The roentgen-ray exam- 
ination of the stomach showed the presence of a large defect, involving almost 
the entire upper two thirds of the stomach This observation indicated the 
presence of a new growth 

The third case was that of a man whose first discharge diagnosis was 
atheiosclerosis and whose chief symptoms were weakness, chest pain 
and dyspnea, with no or only negligible gastric complaints He was 
discharged improved, and then returned No one suspected a gastric 
condition 

Case 3 — A Russian, aged 52, a tailor, was admitted Dec 3, 1923, and dis- 
charged December 20, with a diagnosis of carcinoma of the stomach His chief 
complaint was weakness, which had persisted for nine months The patient had 
always been healthy until nine months before, when he suddenly fell unconscious 
while walking in the street After this, he remained in bed for nearly two 
months because of weakness This weakness increased so that, for six months, 
he could not walk On attempting to walk, he became very pale, complained of 
precordial distress and felt as though he were about to die For the previous 
five months, he had had constant pams all over the abdomen, this pain bore no 
relation to meals, and was relieved somewhat by bowel movement During this 
time, he was slightly constipated Seven months before, he had had gaseous 
eructations, and had vomited The stools were normal in color, there was no 
hematemesis, no jaundice His appetite was poor, and he had lost much weight 
Physical examination showed him to be an underdeveloped, undernourished old 
man, chronically ill, yellow, with an edematous sacrum and scrotum The pupils 
were slightly irregular, a marked arcus senilis and tortuous blood vessels were 
present The supraclavicular fossae were sunken The heart was moderately 
enlarged to the left, with a low pitched, blowing, presystolic, systolic murmur at 
the apex and mitral area The blood vessels were thickened Liver dulness was 
increased 

The systolic blood pressure was 120, the diastolic, 60 The stools showed 
occult blood The blood count was 38 per cent hemoglobin , there were 3,000,000 
erythrocytes (063 color index), 13,000 leukocytes, 85 per cent polymorpho- 
nuclears, and 15 per cent lymphocytes 

Gastric analysis showed absent hydrochloric acid and diminished total acids 
in the fasting and Ewald test meals The urme was negative except once, when 
a trace of sugar was found Roentgen-ray examination of the gastro-mtestinal 
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tract showed the gastric tone and peristalsis to be normal There was a sus- 
picion of a small defect on the posterior wall in the region of the cardia, just to 
the left of the cardiac opening Sigmoidoscopy, December 17, revealed an 
obstructive extracolonic mass at the level of the second fold of Houston The 
final diagnosis was carcinoma of the cardia with metastases to the peritoneum 
and to the culdesac of Douglas in a patient previously discharged from the hos- 
pital with a diagnosis of arteriosclerosis, and who had returned to the hospital 
because of weakness 

These three cases led to an investigation of the cases of carcinoma 
of the stomach on the medical side for the years 1923, 1922 and 1921, 
m which there were, at the onset or throughout the couise of the case, 
no gastrointestinal complaints, or in which these were in the back- 
ground Asthenia was a complaint months before a diagnosis of gastric 
cancer was made 

Case 4— A patient, aged 60, examined, July 10, 1923, had as chief complaint 
weakness of two years’ duration, his symptoms, for the previous two months 
had been aggravated by coughing Swelling of the ankles was noted The 
laboratory findings, i e , the Ewald test meals and the roentgen-ray examination, 
were characteristic of stomach carcinoma A defect was found m the posterior 
wall and along the lesser curvature of the body of the stomach 

Case 5 — A man, aged 44, was in perfect health until a few months previous 
to June, 1923, when he lost appetite and strength He had no other gastro- 
intestinal symptoms The case had been diagnosed as neurasthenia and over- 
work, and he had been sent to Florida An exploratory laparotomy disclosed an 
inoperable cancer of the stomach with liver metastases 

Case 6 — A man, aged 62, was absolutely symptomless until t\\ o days before 
admission in September, 1923, when he entered the hospital because of a hemor- 
rhage and weakness Roentgen-ray examination ga\e evidence of a small defect 
on the posterior wall of the stomach m the region of the cardia 

Case 7 — A man, aged 64, whose signal complaint was increasing weakness 
for three months, had lost 35 pounds (15 9 kg) and complained of anorexia, 
belching and a feeling of distention after meals The case was signed out as an 
inoperable carcinoma of the stomach on the greater curvature 

Case 8 — A man, aged 58, whose chief complaints were weakness, dyspnea 
and swelling of the feet of five weeks’ duration, entered in March, 1922 No 
loss of appetite, no vomiting, no bleeding and no abdominal pain were present 
A fairly large defect on the lesser curvature below the cardia was found 

Case 9 — A man, aged 59, examined in September, 1923, had had increasing 
weakness for two months The roentgen-ray examination showed a large defect 
m the greater curvature of the stomach 

Case 10 A man, aged 56, whose first symptom was extreme weakness that 
had commenced one year previous to admission, in January, 1922, and which 
was associated with anorexia, had lost 28 pounds (12 7 kg) in the course of the 
year There were no gastro-mtestinal symptoms except constipation A subtotal 
gastrectomy was performed, and the patient was discharged well 

Case 11 A woman, aged 56, whose signal symptom was weakness for six 
months, was admitted in January, 1923 The weakness grew progressively worse 
Other complaints were palpitation, precordial pain, dyspnea and pallor She lost 
about 10 pounds (4 5 kg ) The case was diagnosed as secondary anemia and 
nephritis The Rehfuss test showed no free hydrochloric acid, and the roentgen- 
ray examination demonstrated irregularity in the region of the antrum 
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Case 12 A woman, aged 55, who eight months before admission, in January, 

1921, began to feel weak, was without definite symptoms until four months 
previous to admission, when she commenced to cough, developed pam in the 
back, and had dysphagia A carcinoma of the cardia was found 

Case 13— A woman, aged 50, who lost 50 pounds (22 7 kg) in five years 
and whose strength had greatly diminished, was admitted in June, 1921 Her 
complaints were cardiac, i e , palpitation and precordial pam There were no 
tarry stools, jaundice, belching or pyrosis The Rehfuss test showed blood and 
an absence of hydrochloric acid There was no roentgen-ray confirmation m 
this case 

Case 14— A -woman, whose chief complaint was gradual weakness of two 
months’ duration, but who had had a sour taste in the mouth for four months, 
was admitted in October, 1921 There was no vomiting, belching or bloody 
stools The bowels were regular Free hydrochloric acid was absent m the test 
meal No roentgen-ray confirmation was made and the patient left the hospital 
against advice 

Case 15 — A man, aged 64, who eight months previously had noticed swelling 
in the feet and progressive weakness, was admitted in September, 1921 The 
Rehfuss test proved the absence of free hydrochloric acid and the presence of 
lactic acid Roentgen-ray examination showed a defect involving the pyloric 
end of the stomach 


COMMENT 

Here is a series of seventy-six medical cases of carcinoma of the 
stomach m which fifteen patients, or 20 per cent , complained chiefly of 
asthenia and presented no, or a very mild, gastro-mtestmal history If 
we exclude Cases 13 and 14, in which absolute confirmation of the 
diagnosis is lacking, we still find a record of 17 per cent It is true that 
the cases were not the type that the surgeon sees, i e , the typical patient, 
almost cachectic, with all the classical signs of cancer They were cases 
chiefly sent in for diagnosis 

The complaint of asthenia so common heie was not the asthenia of 
cachexia That symptom, of course, would be worthless On the 
contrary, the complaint was comparable to asthenia of early pulmonary 
tuberculosis 

Patients with cancer of the breast, uterus, esophagus or lung do not 
complain chiefly of weakness Apparently, it is characteristic in the 
cases under discussion 

As to the cause of the asthenia, a secondary anemia is common in 
cancer of the stomach In fact, extremely important differentials are 
pernicious anemia, secondary anemia and nephritis A destruction of 
the red blood cells occurs, probably due to a toxic agent set up by the 
neoplasm (one author 3 has suggested that protein and lecithin cause 
this) The asthenia may directly, rather than indirectly, be due to the 
infection and ulceration of the tumor In fact, both the latter conditions 

3 Loeper, M , Faroy, G , and Debray Anemia with Gastric Ulcer, Progres 
med 36 244 (May 25) 1921 , abstr J A M A 77 579 (Aug 13) 1921 
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are quite common m the lesion described Many authors 4 have noted 
the simulation of pernicious anemia with symptoms of weakness, numb- 
ness and tingling hands and feet and other paresthesias 

The lack of gastrointestinal complaints can probably be explained 
on the basis of the location of the growth When the pyloric and cardiac 
orifices are involved, gastric complaints aie prominent because of 
obstruction Some authors even divide “early gastric cancer” into those 
m which the cancer is situated near the orifices and those that are not 
Brown 6 states that the most frequent site is the lesser curvature from 
whence the growth extends to pylons, cardia or over the fundus of the 
stomach The same author also described tluee types of gastric car- 
cinoma, one of which is insidious m onset and affects persons of middle 
life with a singularly uneventful digestive history 

Smithies, 6 m 712 consecutively operated and pathologically proved 
cases, found that 2 per cent gave no symptoms whatever 

SUMMARY 

In a condition like carcinoma of the stomach, m which the early 
symptoms are vague and m which, unfortunately, an early diagnosis is 
extremely essential, one must utilize every means at his command Not 
the least of these is the history obtained from the patient 

Asthenia as a signal complaint is not an uncommon symptom of 
tumor of the stomach, being present m from 17 to 20 per cent of this 
series of (medical) cases 

Absence of gastrointestinal symptoms does not rule out carcinoma 
of the stomach The presence of asthenia and anemia, with absence of 
gastrointestinal symptoms m a middle-aged peison with no apparent 
cause for the anemia, is an indication for gastrointestinal roentgen-ray 
examination In fact, on this complaint alone, if no cause for the severe 
secondary anemia can be found, an exploratory laparotomy should be 
performed Anemia, secondary or even primary, is a diagnosis which 
should immediately bring to mind a possible differential diagnosis of 
carcinoma of the stomach The anemia, when present, is probably due 
to destruction of the red blood cells by a substance produced by the new 

4 Ohensis, A E Carcinoma of the Stomach Simulating Pernicious 
Anemia, New York M J 114 298 (Sept 7) 1921 Houghton, Hallstead and 
Satterlee Progressive Pernicious Anemia with Gastric Carcinoma, Long Island 
M J , October, 1914, p 361 

_ Ji ®L°: vn ’ T R Carcin °ma of the Stomach, Nelson System of Medicine, 
5 295, 1924 

4o S ^ lthieS ’ Symptoms and Signs of Gastric Cancer, An Analysis 

c 2 , , 0peratlvelv and Pathologically Proved Cases, JAMA 

c v-reb 1915 
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growth The asthenia is due to this anemia, or to the toxic pioducts 
caused by the infection and ulceiation of the giowth 

The practically constant subacidity, anacidity or achylia suggests 
that the absence of the gastric secretions plays an important role in the 
anemia, and hence the complaint of weakness The association of the 
same findings in pernicious anemia adds interest to this suggestion 

Cases were piesented m which the symptom of weakness pieceded 
by months or years the diagnosis of cancer of the stomach 

2067 Vyse Avenue 


CORRECTION 

“The Permeability of Human Blood Cells to Carbon Dioxid and Ammonia 
Hydroxid in Solutions of Same pu,” Herman E Pearsc, AB, Boston, March 
issue, p 347 The word “later” in the third line should read “latter” 


Book Reviews 


The Chemistry of the Blood in Clinical Medicine By O L V de 
Wesselow Pp 252 London Ernest Benn, Ltd , 1924 

This manual discusses the chemical composition of the blood, acidosis and 
alkalosis, variations of the blood sugar in health and disease, changes of the 
blood constituents in nephritis, tetany, rickets, gout, and m certain other condi- 
tions, such as anoxemia 

To these discussions are added methods for determining the nonprotein 
nitrogen constituents of the blood, the chlorids, the carbon dioxid combining 
power of the plasma, the phosphate and calcium content 

Although the methods given are excellent and the subject matter is well 
presented, most of these are contained in other more comprehensive laboratory 
guides 

Pathogenic Microorganisms By Park and Williams Eighth edition, enlarged 
and revised Pp 811, 220 illustrations Price, $6 50 New York Lea 
and Febiger, 1924 

To the students of bacteriology this text needs no introduction It ranks 
among the foremost of its kind, and this edition has been brought to date by 
thorough revisions and extensions The essential features of bacteriology, 
the preparation and sterilization of mediums, the characterictics of various 
pathogenic bacteria, immunity, the protozoan parasites, water and milk sanita- 
tion, filterable viruses, and other important features in the realm of bacteriology 
are fully and excellently discussed Students and workers in bacteriology will 
find this an invaluable text 

The Chemical Aspects of Immunity By H Gideon Wells Monograph 
(American Chemical Society Series) Pp 254 New York Chemical 
Catalog Company, Inc , 1925 

This monograph by Wells has been written not only with the purpose of 
summarizing the subject matter included by the title but also for serving as a 
guide to the literature concerned The introductory chapter states the reasons 
for regarding immunologic reactions as chemical processes, and defines briefly 
the terms commonly used Then follow chapters on antigens, immunolog'C 
specificity, the nature of antibodies, the neutralization of toxin by antitoxin, 
agglutination and precipitation reactions, the lytic reactions, the Wassermann 
reaction and related reactions with syphilitic serum, anaphylaxis, phagocytic 
immunity, and resistance to nonantigenic poisons Each chapter is a concise 
resume, and includes a large bibliography A helpful recapitulation by the 
author summarizes at the end of each chapter the subject matter presented 
Dr Wells’ fine ability to analyze and present a subject such as this makes 
the monograph especially fascinating to read, and the book should be m great 
demand by immunologists, chemists and physicians 

Principles of Biochemistry By T Brailsford Robertson, Ph D , D Sc 
Second edition, revised Price $8 50 Pp 796, 57 illustrations New York 
Lea and Febiger, 1924 

This text is arranged m six parts Part I considers the foods, such as the 
inorganic substances, the carbohydrates, the lipins, the simple and complex 
proteins, and the hydrolysis, digestion and assimilation of these substances 
This part contains much information The properties of protoplasm are dis- 
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cussed in Part II In these chapters are considered the diffusible and colloidal 
constituents, the physical and chemical properties conferred by these constitu- 
ents their variations and interactions In Part III is considered the chemical 
correlation through the blood and lymph of the respiratory, digestire and 
circulatory systems, as well as the general metabolism Part IV deals with 
the chemical processes underlying and accompanying life phenomena, such as 
the energy transformations in living organisms, fertilization and early develop- 
ment, growth, diet, etc The products of tissue activity are discussed m 
Part V, and the energy balance of the organism in Part VI 

There is a great diversity of subjects considered in this text of biologic 
chemistry To students of medicine, of agriculture and related sciences, as 
intended, this is a valuable text but it does not contain the large volume 
of detailed information present m certain other books of this kind, as, for 
example, the one by Mathews or the one by Hammarsten 

Les Resultats du Pneumothorax Therapeutique By Dr Pierre Nweau 
Pp 199 Paris Amedee Legrand, 1925 

This is a statistical review of the results observed during a period of twelve 
years m 1,195 patients (service of Dr Rist) In 817 of this number, pneumo- 
thorax was produced, with the other 378, the attempted collapse of the lung 
was unsuccessful, or the patients refused the treatment There is no descrip- 
tion of the technic employed The patients treated are arranged in two groups, 
those nontuberculous and those tuberculous Among the first mentioned are 
those with bronchiectasis, gangrene of the lungs, and interlobar or pulmonary 
abscess The results among these seem good except with gangrene With 
tuberculous patients, pneumothorax favors healing of the pleura In bilateral 
tuberculosis, only a small number were benefited The treatment seems to be 
helpful when only one lung contains active lesions Of 534 patients with 
fibrocaseous tuberculosis, 48 per cent are well or improved, 17 per cent are 
stationary, and 35 per cent are worse or dead Among the patients m whom 
pneumothorax was not accomplished, 81 per cent of those refusing treatment 
and 62 per cent of those in whom adhesions prevented collapse are dead 
Considerable space is given to detailed clinical briefs of patients 

The Diagnosis and Treatment of Renal Diseases By Hugh MacLean, 
M D , D Sc Second edition Philadelphia Lea and Febiger 

According to the author’s preface, the book “is intended principally for the 
general practitioner who feels the need of a short practical account of some 
of the newer methods employed in investigating renal function ” The author 
has accomplished his purpose in a clear, concise and interesting manner He 
is in an unusual position to do this since he has the point of view both of 
the investigator and the clinician of vast experience m this special field 
The accepted theories of renal function are discussed in relation to the 
actual findings in acute nephritis and in chronic nephritis, both of the azoremic 
and the hydremic types Along with the changes in the urine, blood and tissues 
are given the findings relative to nitrogen, salt and water retention 

Histologic observations are presented and illustrated by colored plates The 
significant remark is made “that the toxin causing the purely degenerative 
lesion of the kidney (tubular degeneration and hydremic type) may be different 
from that causing degeneration associated with inflammatory phases (interstitial 
changes and azotemic type) ” 

A chapter is devoted to the significance of albuminuria in which the differ- 
entiation is made between so-called physiologic albuminuria, albuminuria of 
adolescents and albuminuria of nephritis In regard to the last, the statement 
is made that albuminuria even with casts may not indicate kidney disease, and 
that albuminuria even after acute nephritis maj not indicate progressive renal 
disease 
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The methods and results of blood examinations in renal disease are given in 
a manner easily understood and readily employed by any enterprising physician 
Then other tests for investigating renal function follow the urea concentra- 
tion test, the diastatic test, the phenolsulphonephthalein test, Ambard’s 
coefficient of urea excretion , the urea concentration factor, and the chlorid 
concentration test 

The later chapters concern themselves with the relation of nephritis to blood 
pressure and cardiovascular changes, the examination of patients for renal 
efficiency, kidneys in surgical conditions, and the dietetic treatment of nephritis 
(especially as regards protein) 
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EFFECT OF VARIOUS AGENTS — ULTRAVIOLET 
LIGHT, VACCINES, TURPENTINE, NEOARSPHEN- 
AMIN AND AUTOBLOOD INJECTIONS — ON 
THE ENZYMES OF BLOOD AND SKIN * 

A PRELIMINARY REPORT 

JAY FRANK SCHAMBERG, MD 

AND 

HERMAN BROWN, BS 

PHILADELPHIA 

Within recent years, many physical agents and vanous nonspecific 
protein in lections have been advocated m the treatment of cutaneous 
diseases and in other general morbid conditions The roentgen rays and 
ultraviolet light ha\ e been employed in many skm diseases and, likewise, 
in tuberculosis, cancer, leukemia and other diseases Vaccines, both 
specific and nonspecific, have been extensively used in many infections 
Oil of turpentine has been employed to raise the resisting power of the 
organism m pyogenic conditions Autoserum and autoblood injections 
have been successfully employed in psoriasis and m certain other derma- 
toses Many other nonspecific protein injections have been credited with 
desirable therapeutic effects 

In view of the free employment of these vanous agencies we have 
thought it worth while to endeavor to study the influence of some of 
them on that relatively little explored field, the enzymes of the body 
We have largely limited our investigations to a study of the lipase and 
protease m the blood and m the skm 

The lipase determinations were numerically greater than the protease 
for the reason that, to obtain a sufficient quantity of blood for the latter, 
the laboratory animal had to be sacrificed It was obviously impossible, 
with the method employed by us, to make comparative studies of the 
skm enzymes before and after treatment, as this could be determined only 
aftei the death of the animal 

crrECT or ultraviolet light 

Ten rabbits were, at various times, exposed to ultraviolet light 
(Alpine lamp) The rabbits weighed about 2 kg These were usually 


" From the Research Institute of Cutaneous Medicine 
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exposed at a distance of 10 inches (25 4 cm ), m such a manner as to 
permit irradiation of the greater part of the body The exposure was 
usually twenty minutes Many of the animals weie exposed a second, 
third, fourth and fifth time, at mteivals of a few days 

Table 1 — Effect of Ultraviolet Light on Blood Serum Enzymes of Rabbits 

(Alpine Lamp) 


Rab- 
bit Treatment 

1 Before 

3 5 hours after Alpine lamp, 10 in , 20 mm 
17 hours after first exposure 

4 hours after second exposure 
48 hours after second exposure 

4 hours after third exposure 
72 hours after third exposure 
4 hours after fourth exposure 


Shin 

Blood , * > 

r , Proteo Lipolytic 

Proteo Lipolytic lytic Activity, 
lytic Activity, Activity, Cc Tenth 
Activity, Oc Tenth Mg Non- Normal 
Mg Non Norma] coagulable Sodium 
congulable Sodium Nitrogen Hydroxid 
Nitrogen Hydroxid perlOOGm perlOOGm 
per 100 0 e perlOOCc Dry Dry Remarks 

37 I 


30 

29 

23 

24 
22 


4,200 95 Skin 

scaling 


30 


28 


2 Before 

4 hours after Alpine lamp, 10 in , 20 mm 
72 hours after first exposure 
4 hours after second exposure 

3 nceks after second exposure 

4 hours after third exposure 
48 hours after third exposure 

4 hours after fourth exposure 
1 week after fourth exposure 
4 hours after fifth exposure 


99 

S5 

88 

80 

100 

80 

80 

80 

90 

72 


5,500 9S Skin 

scaling 


3 Before 

4 hours after Alpine lamp 10 in , 20 min 

3 weeks after first exposure 

4 hours after second exposure 
48 hours after second exposure 

4 hours after third exposure 

1 week after third exposure 

4 hours after fourth exposure 
24 hours after fourth exposure 

2 hours after fifth exposure (1 hour) 


70 

62 

65 

00 

63 

63 

61 

55 

00 

40 


4,000 70 


4 Before 

4 hours after Alpine lamp, 10 In , 20 mm 
48 hours after first exposure 
4 hours after second exposure 

1 week after second exposure 
4 hours after third exposure 

24 hours after third exposure 

2 hours after fourth exposure (1 hour) 


49 

38 

31 

28 

36 

30 

35 

20 


3,500 50 


5 Before 5 

4 hours after Alpine lamp, 10 in , 20 mm 11 

24 hours after first exposure 7 

4 hours after second exposure 5 


6 Before 15 

1 hour after Alpine lamp, 10 in , 20 mm 6 

24 hours after first exposure 4 

4 hours after second exposure 4 


7 Before 6 

3 hours after Alpine lamp, 10 in , 20 mm 14 

24 hours after first exposure 12 

4 hours after second exposure 8 


EFFECT ON LIPOLYTIC FERMENT (LIPASE) 

In Table 1, Rabbit 1 showed a titer of 37 before exposure Seventeen 
horns after a twenty minute exposure, it was 29, four houis after the 
second exposure, 23 , forty-eight hours after the second exposure, 24 , 
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four hours after the third exposure, 22, seventy-two hours after the 
third exposure, 30, and four hours after the fourth exposure, 28 There 
was, therefore, a reduction from 37 to 28 after four exposuies 

Rabbit 2 showed a reduction in lipase titer from 99 to 72 after five 
exposures 

Rabbit 3 after five exposuies exhibited a fall from 70 to 40 
Rabbit 4 after four exposures showed a decline from 49 to 20 
Rabbit 9 (Table 2) was sensitized before exposure by an mtia- 
peritoneal injection of quimn sulphate After three exposures, there 
was a slight decline m the lipase titer from 10 8 to 9 

Rabbit 10 was sensitized by the mtrapentoneal injection of eosin 
After three exposures, there was a decline from 5 4 to 2 2 

Table 2 — Effect of Ulti aviolet Light on Blood Semin Enzymes of Rabbits 
Picviously Treated with Photosensitizers 


Proteo- Lipolytic 
lytic Activity, 

Activity, C c Tenth 
Mg normal Sodium 

Rab- Nitrogen Hydroxid 

bit Treatment per 100 O c per 100 C c Remarks* 

S SO mg eosm per kilogram 30 minutes be 
fore exposure to Alpine lamp, 10 inches, 

20 minutes 6 

1 hour after exposure 24 

24 hours after exposure 18 

4 hours after second exposure 10 


9 10 mg quimn sulphate per kilogram 30 mm 

utes before exposure to Alpine lamp. 


10 inches, 20 minutes 10 8 

1 hour after exposure 8 8 

48 hours after exposure 10 7 

1 hour after second exposure 10 6 


48 hours after second exposure 10 8 

2 hours after third exposure 9 


10 10 mg eosin per kilogram 30 minutes be- 
fore exposure to Alpine lamp, 10 inches, 


20 minutes 5 4 

1 hour after exposure 4 i 

48 hours after exposure 4 2 

1 hour after second exposure 3 


48 hours after second exposure 3 4 

1 hour after third exposure 2 2 


20 mg of quimn sulphate 
per kilogram, % hour be 
fore exposure 

20 mg of quinfn sulphate 
per kilogram, % hour be 
fore exposure 


30 mg of eosm per kilo 
gram % hour before ex- 
posure 

30 mg of eosm per kilo- 
gram % hour before ex- 
posure 


* Both the eosm and quimn sulphate cere injected mtrapentoneally In the control 
animals, neither appeared to modify the enzyme activity 

EFFECT OF ULTRAVIOLET LIGHT ON PROTEOLYTIC FERMENT 

(protease) IN BLOOD 

Rabbit 5 (Table 1) showed a rise of from 5 to 11 four hours after 
the first exposure, but a decline to 5 after the second 

Rabbit 6 exhibited a decline m protease from 15 to 4 after two 
exposures 


540 


ARCHIVES OF I V TER XAL MEDICINE 


Rabbit 7 showed a rise from 6 to 14 after the first exposure and a 
decline to 8 after the second exposure 

Rabbit 8 (Table 2), sensitized with eosm, showed a rise fiom 6 to 
24, and then a decline to 10 

In a general way it may be said that ultraviolet light, in the degree 
that we applied it, appealed to deciease the lipase in the serum of rabbits 
and to increase the protease Further, the effects of the exposures 
seemed temporary, the tendency, being for the values to return to their 
original levels 

ErFECT 01 ULTRAVIOLET LIGHT ON THE BLOOD ENZYMES 
Or HUMAN SUBJECTS 

Patient 1 (Table 4) suffering from psoriasis, was exposed to the 
Alpine lamp (chest and back) foi sixteen minutes A marked leaction 
(sunburn) developed The lipase declined from 11 to 7 and the protease 
from 8 to 6 

Patient 2, suffeimg from psoriasis, received the same exposures 
The lipase declined from 11 to 8, and the protease remained unaltered 
Patient 3, suffering from generalized pruritus, was exposed for twenty 
minutes The lipase rose from 10 5 to 12 5, and the protease from 
8 to 9 

Owing to the paucity of obseivations on human subjects, no definite 
deductions can be drawn In two out of three of the patients, there 
was a decline m the lipase 

TAble 3 — Effect of Various Agents (Tin pentme. Vaccines and Neoaisphenanun) 
on Blood Set tan Enzymes of Rabbits 


Proteoly tic 
Activity, 
Mg Non 
coagulable 
Nitrogen 

Rabbit Treatment per 100 C c 

12 Before 

4 hours after intramuscular injection of 5 c c turpentine olive 
oil emulsion 

13 Before 3 

4 hours after intramuscular injection of 5 cc turpentine olive 

oil emulsion 5 

14 Before 

2 hours after subcutaneous injection of staphylococcic vaccine 

15 Before 

4 hours after subcutaneous injection of staphylococcic vaccine 
10 Before 5 

4 hours after subcutaneous injection of staplijiococcic vaccine 7 

17 Before 

2 hours after intravenous injection of neoarsphennmin, 50 mg 
per kilogram 

IS Before 4 

4 hours after intravenous injection of neoarsphenamin, 50 mg 

per kilogram 3 

24 hours after injection 4 

19 Before 

5 hours after intravenous injection of neoarsphenamin, 50 mg 
per kilogram 

24 hours after injection 
72 hours after injection 


Lipoljtic 
Activity 
C c Tenth 
Normal 
Sodium 
Hvdro-iid 
per 100 0 c 

20 

26 


28 

35 

30 

35 


40 

37 


72 

51 

59 

60 
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EFFECT OF INJECTIONS OF TURPENTINE ON THE BLOOD 
ENZYMES IN RABBITS AND IN HUMAN BEINGS 

The mti amuscular injection of turpentine m 5 c c of olive oil into 
a rabbit was followed, m four hours, by a use of hpol) tic activity fiom 
20 to 26 In another rabbit, the proteolytic activity rose from 3 to 5 

In a patient suffenng from eczema, the intramuscular injection of 
5 minims (0 3 c c ) of rectified turpentine m 5 c c of olive oil was 
followed, m thiee hours, by a rise of lipolytic activity fiom 9 to 10, and 
m proteolytic activity from 8 to 10 

In a case of pemphigus, the same treatment was followed, in three 
hours, by a rise m lipolytic activity from 10 to 14 5, and in proteolytic 
activity from 6 to 8 S 

In a case of lupus erythematosus, the injection of tuipentme was 
followed, m three hours, by a rise m lipolytic activity from 9 to 14, and 
m proteolytic activity fiom 5 to 7 

It would appear from the foregoing studies that the inti amusculai 
injection of tuipentme tends to mciease the lipolytic and proteolytic 
{lower of the blood serum in both rabbits and human beings 

INFLUENCE OF VACCINES ON BLOOD ENZYMES IN RABBITS 

Rabbit 14 received an injection of staphydococcic vaccine subcutane- 
ously Two hours latei, the lipolytic activity of the blood had risen 
from 28 to 35 

Rabbit 15, treated m the same manner, showed a rise fiom 30 to 35, 
at the end of four hours 

Rabbit 16, treated with staphylococcic vaccine, showed, at the end of 
four hours, a rise m pioteolytic activity from 5 to 7 As far as anv 
deduction from these few experiments with vaccines is permitted, it can 
be stated that a tendency to rise m both lipolytic and proteolytic activity 
is suggested 

EFFECT OF INJECTIONS OF NEOARSPHENAMIN ON THE BLOOD 

ENZYMES OF RABBITS 

Three rabbits were injected intravenously with neoarsphenamm, 
50 mg per kilogram of body weight This, of course, is a very large 
dose, equivalent to thiee grams for a man weighing 60 kg 

In Rabbit 17, the lipolytic activity, after two hours, was reduced 
from 40 to 37 

Rabbit 18 received 50 mg per kilogram of neoarsphenamm At die 
end of four hours, the proteolytic power of the serum was reduced from 
4 to 3 Twenty hours later, it rose again to 4 

In Rabbit 19, the lipolytic activity'- was reduced from 72 to 51 at the 
end of five hours, rising to 59 after twenty-four hours and to 69 after 
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Table A— Effect of Nonspecific Agents on Blood Set urn Enzymes of Human 

Beings 


Case Diagnosis 
1 Psoriasis 


2 Pruritus 

3 Pruritus 

4 Psoriasis 

6 Eczema 

7 Pemphigus 

9 Psoriasis 

10 Psoriasis 


Treatment 

Before 

4 hours after intramuscular injection 
of 20 c c autoserum 
24 hours after injection 
72 hours after injection 
4 hours after second injection 
Before 

4 hours after intramuscular injection 
of 20 c e autoserum 
Before 

2 5 hours after intramuscular injec- 
tion of 20 c c autoserum 

Before 

3 hours after intramuscular injection 
of 20 c c autoserum 

Before 

3 hours after intramuscular injection 
of 5 m turpentine m olive oil 
Before 

3 hours after intramuscular injection 
of 5 m turpentine in olive oil 
Before 

2 hours after Alpine lamp, 16 min- 
utes exposure back and front 

Before 

2 hours after Alpine lamp, 15 min 
utes exposure back and front 


Proteo- 
lytic 
Activity, 
Mg Non- 
coagulable 
Nitrogen 
periOOC c 

5 

9 
7 

6 


7 

12 


10 

C 


8 5 
S 


Psoriasis Before 


4 5 hours after intramuscular injec- 
tion of 29 c c autoserum 


10 


17 


Lipolytic 
Activity, 
O c Tenth 
Normal 
Sodium 
Hydroxid 
per 100 O c 
8 

19 

17 

15 

21 

8 


14 

9 

11 


12 

9 

10 

10 

14 5 
11 

8 

11 

8 

7 


Remarks 
Mild reaction 

Reaction 


Marked cutaneous 
reaction 


Marked cutaneous 
reaction 

Tempernture, 100 
E , chilis 




19 days after injection 

7 

8 




6 hours after second injection serum 

5 

8 


13 

Psoriasis 

Before 

3 hours after intravenous injection 

12 

65 




of 1 5 c c distilled water 

10 

65 


11 

Acne 

Before 

2 hours after Alpine lamp exposure 

10 

8 

Treatment 



for io minutes 

11 

8 






to face 

12 

Pruritus 

Before 

2 hours after Alpine lamp exposure 

8 

10 5 




for 20 minutes 

9 

12 5 

Cutaneous 






tion 

8 

Lupus ery- 

Before 

5 

9 



thematosis 

3 hours after intravenous injection 






of 5 m turpentine in olive oil 

7 

14 


14 

Normal 

Before 

15 

11 



2 hours after intravenous injection 
of 1 5 c c distilled water 8 6 

6 days after injection 12 8 

2 5 hours after second injection S 6 


Reaction 


seventy-two hours It would appear that, m rabbits, large doses of 
neoarsphenamm tend to depress the lipolytic and proteolytic activity of 
the blood serum 

THE EFFECT OF INTRAMUSCULAR AUTOBLOOD INJECTIONS IN 
HUMAN BEINGS ON THE SERUM ENZYMES 

A patient with psoriasis had 20 c c of blood withdrawn from a vein 
and immediately injected into the gluteal muscles Before the injection, 
the lipolytic activity of the blood serum was 8 Four horns later, it was 
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19 , twenty-four hours after the injection, it was 17, declining to 15 after 
seventy-two hours Foui hours after a second injection, at the end of 
seventy-two hours, it rose to 21 

The proteolytic activity lose from 5 to 9 after foui hours, declining 
to 7 at the end of twenty-four hours, and to 6 at the end of seventy- 
two hours 

Patient 2, with generalized piuntus, treated with autoblood m the 
same manner as the pieceding case, showed a rise in lipolytic activity at 
the end of four houis from 8 to 14 

Patient 3, suffering fiom generalized pruritus, received an autoblood 
injection and at the end of two and a half hours exhibited a rise in 
lipolytic activity of his blood serum from 9 to 11, and m proteolytic 
activity fiom 7 to 12 

Patient 4 (psoriasis), treated with autoblood injection, showed a 
use of lipolytic activity from 7 to 12 at the end of three hours 

Patient 5 (psoriasis) showed a use in lipolytic activity from 7 to 8 
The proteolytic activity lose after four and a half hours fiom 10 to 17, 
ten days later, it was 7 Six hours after a second (intravenous) injec- 
tion of 13 c c of autoserum, it was 5 

EFFECT OF ULTRAVIOLET LIGHT ON THE LIPOLYTIC AND 
PROTEOLYTIC ENZYMES OF THE SKIN IN RABBITS 

As the skin of treated rabbits could be tested by the method employed 
by us only after death of the animal, an effort was made to deter- 
mine the average normal enzyme activites in untreated control animals 
The skin of four untreated rabbits showed a lipolytic activity varying 
from SO to 100 c c of tenth normal sodium hydioxid per hundred grams 
of dry skin, and a proteolytic activity varying fiom 6,000 to 8,000 mg 
per hundred grams of dry slun 

Rabbit 2, after five exposures to ultraviolet light, showed a titer of 
5,500 for proteolytic activity, and 98 for lipolytic activity 

Rabbit 3, after four exposures to ultraviolet light, showed a titer of 
4,000 for proteolytic activity, and 70 for lipolytic activity 

Rabbit 4, after four exposures, showed a titer of 3,500 for proteolytic 
activity, and 50 for lipolytic activity 

The foregoing studies would seem to warrant the conclusion that 
exposure to ultraviolet light depresses the proteolytic and the lipolytic 
activity of the skin of rabbits, the former being influenced more than 
the latter 

Since the normal lipolytic values of the blood m our rabbits appear 
to be subject to wide individual variations, the same may be true of the 
rabbit skm The figures submitted, therefore, m the determinations of 
enzyme activity m the four normal rabbit skins are given with 
reservation 
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EFFECT Or INTRAVENOUS INJECTION OF DISTILLED WATER 

A patient suffering from muscular pains was given 1 5 c c of distilled 
water intravenously 

Before the injection, the lipolytic activity was 11 , two hours later, it 
declined to 6, six days later, it was 8 Two and a half hours after a 
second injection, it declined again to 6 

The proteolytic activity before the injection was 15 After two 
hours, it declined to 8, at the end of six days, it was 12 Two and a 
half hours after a second injection, it was reduced to 8 
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Chart 1 — Course of lipolytic and proteolytic activity of the blood serum 
of rabbits under influence of ultraviolet light 


Another patient suftenng from psoriasis received an intravenous 
injection of 1 5 c c of distilled water At the end of three hours, the 
lipolytic titei declined from 12 to 10, and the proteolytic titer remained 
the same, at 6 5 

METHODS 

The following modifications of the methods of Jobhng, Petersen and 
Eggstein 1 for serum protease and lipase were used 

Senna Piotease — To 1 cc of clear, hemoglobin-free serum in an 
18 mm diameter tube, graduated at 10 c c , was added 2 c c of chloro- 

Wobhng, J W , Petersen, W , and Eggstem, A A J Exper Med 

147. 171 J 
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form The tube was shaken sharply until a milky emulsion was formed 
A control tube containing 1 c c of serum was heated on the water bath 
foi thuty minutes at 60 C , after which 0 5 cc of toluene was added 
Both tubes weie stoppered with cotton and incubated for 48 hours at 
37 C Fiom time to time, the chloroform tube was shaken to maintain 
the emulsion Two cubic centimeters of watei was then added to each 
tube, and 1 cc of a 20 per cent solution of sodium chlorid m 10 per 
cent acetic acid Both tubes were then warmed to remove the chloro- 
form and toluene and placed in boiling water for ten minutes The 
tubes weie then cooled, diluted to 10 cc, filtered, and the nitrogen 
determined on 5 cc of the titrate by the usual micromethod The dif- 
ference m the nitiogen values, calculated to 100 cc of serum, is a 
measure of the proteolytic activity of the seium 

Seium Lipase — One cubic centimeter of blood serum, 1 cc of 
neutral (phenolsulphonephthalem) ethylbutyrate, 1 c c of toluene and 
7 cc of 0 85 per cent salt solution were placed m a 100 c c Eilenme>er 
flask To another flask were added 1 cc of etlrylbuty rate, 1 cc of 
toluene and 8 cc of 0 85 per cent salt solution To a third flask were 
added 1 c c of blood seium, 1 c c of toluene and 8 c c of 0 85 pei cent 
salt solution Each flask was shaken 100 times, stoppeied with cotton and 
incubated at 37 C for four hours The flasks were then placed in ice 
water, 15 cc of neutral alcohol and 4 drops of a 1 per cent alcoholic 
solution of phenolsulphonephthalem added to each and then titiated 
rapidly with tenth normal sodium hydroxid The titer, corrected for the 
blanks, when calculated to tenth normal pei hundred cubic centimeters, 
was taken as a measuie of the lipolytic oi esterase activity 

The skm enzymes were determined according to the methods of 
Sexsmith and Petersen 2 except that a 1 per cent skin suspension was 
used 

The proteolytic activity was determined by starting with an initial 
Ph of 5 5 For the autolysis, however, the initial reaction of the suspen- 
sion was not altered 

A search of the hteiature reveals very sparse data bearing dnectly 
on the studies here reported 

Wells 3 says 

In view of the fact that enzymes and antibodies in solution are quite 
readily weakened or destroyed by the action of light, it is possible that intra- 
cellular enzymes may be similarly destroyed by light, with resulting cell death 


2 Sexmith, E, and Petersen, W J Exper Med 27 273, 1918 

3 Wells, H G Chemical Pathology, Ed 3, Philadelphia, W B Saunders 
Company, 1918, p 374 
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Bering 4 found that chemically active light rays have a direct action 
on oxidizing enzymes 

Burge, Fischer and Neill 5 6 state that hormones, pioenzymes and 
enzymes are destroyed by exposure to ultraviolet radiation The rate of 
destruction is proportional to the amount of energy applied (Experi- 
ments were performed in vitro, the enzyme solutions being subjected 
to long exposures, from one to three hours, and then tried out for 
activity on definite substrates ) 

Jobling and Petersen 0 conclude that the serum ferments are prac- 
tically unaltered by a primary injection of a foreign protein Acute 



Chart 2 — Comparative autolysis of normal rabbit skin and that of rabbit 
exposed to ultraviolet light 

shock produces an instantaneous increase in protease, followed later by 
an increase in serum lipase They state that the shock is produced by 
the protease splitting various proteins down to the toxic peptone stage 
Jobling, Petersen and Eggstem 7 found that the intravenous injection 
of killed organisms is followed by the mobilization of nonspecific pro- 
tease and lipase , the rapidity and extent of this reaction depend on the 
toxicity of the organism and on its resistance to proteolysis The tem- 
perature and leukocyte curve bear no relation to the ferment changes 


4 Bering Munchen med Wchnschr 59 2975, 1912 

5 Burge, W E , Fischer, W R , and Neill, AT Am J Physiol 40 425 
(May) 1916 

6 Jobling and Petersen J Exper Med 22 401, 1915 

7 Jobling, Petersen and Eggstem J Exper Med 22 603, 1915 
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Pincussen and Anagnostm 8 studied the effect of roentgen rays and 
nitra-lamp radiation on the serum lipase The results, in general, showed 
that radiation of either the serum or the animal from which the serum 
was taken reduced the lipase activity On the other hand, diathermy, 
as well as galvanism, when applied to the living animal, led to a signifi- 
cant increase 

It has been found that ferments lose their power under strong 
exposure to light 9 Ferments may be destroyed by exposure to the 
visible as well as to the ultraviolet end of the spectrum Green 10 found 
that amylase is destroyed by short wave length rays On the other hand, 
the visible rays activate this enzyme through influence on the zymogen 

Chymosin, katalase and peroxidase, which are but slightly injured by 
exposure to the visible rays, are readily and permanently made inert by 
exposure to the short wave rays The action of long wave rays on 
enzymes was first described by Downes and Blunt, the discoverers of 
the bactericidal action of light 

Bering and Meyer 11 demonstrated that peroxidase, exposed to light, 
acquired an increased activity This was more particularly true of the 
short wave lengths 

It will be seen from the foregoing references that all these experi- 
ments were carried out in vitro 

That intracellular ferments may be influenced by light mtra vitam 
was shown by the careful researches of Ostwald 12 on the peroxidase and 
katalase content of different hehotropic animals The katalase content 
of living “raupchen” of porthesia chrysorrhea is strikingly lessened by 
exposure to light The physiologic production of katalase is apparently 
favored by green light, but restricted by violet light The production of 
peroxidase is stimulated to the same extent that katalase is destroyed 

Pincussen 13 believes that all cells possess their own ferments, which 
may be thrown into the blood when the cells break up He states that 
exposure to light stimulates this 

CONCLUSIONS 

1 Ultraviolet light, m the strengths used by us from an Alpine 
lamp, appears to decrease the lipolytic activity of the blood serum both 

8 Pincussen and Anagnostm Biochem Ztschr 128 268, 1922 

9 Hausmann Grundzuge der Licht-biologie und Pathologie, Berlin, 
Urban and Schwarzenburg, 1923 

10 Green, quoted by Euler Chemie der Enzyme, Munchen-Wiesbaden, 
1920, p 197 

11 Bering and Meyer Strahlen-therapie, 1 411, 1912 

12 Ostwald Biochem Ztschr 10 1, 1908 

13 Pincussen, quoted by Hausmann (Footnote 9, p 30) 
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in rabbits and m human beings On the other hand, the proteolytic 
activity of the blood serum appeals to be increased 

2 The lntiamuscular injection of therapeutic doses of turpentine 
in olive oil tends to increase the lipolytic and the proteolytic power of 
the blood serum both in rabbits and in human beings 

3 Limited observations on the eftect of subcutaneous injections of 
staphylococcic vaccines suggest that they tend to increase both the 
lipolytic and proteolytic actn lty of the blood serum 

4 The intramuscular injection of freshly drawn autoblood appeals 
to stimulate an increase in the lipolytic and proteolytic activity of the 
blood serum 

5 The injection of large doses of neoarsjDhenamin in rabbits (equiva- 
lent to 3 gm for a man weighing 60 kg ) tends to depress the lipolytic 
and proteolytic activity of the blood 

6 Observations on two cases suggest that the intravenous injection 
of small quantities (15 cc) of distilled water tends to decrease the 
lipolytic actn lty of the blood and perhaps the proteoly tic power 

7 The exposure of rabbits to ultraviolet light from an Alpine lamp 
deci eases the lipase and the protease in the skin of an animal 

8 In summarizing, it may be said that injections of vaccines, tur- 
pentine and autoblood ajjpear to increase the lipase and protease m the 
blood, while huge doses of neoarsphenannn and small doses of distilled 
water tend to decrease them Ultra\ lolet light depresses the lipase, and 
stimulates the protease 



PATHOLOGIC CHANGES OCCURRING IN WHITE 
RATS RAISED ON DIETS DEFICIENT IN 
VITAMIN A' 

IRA A MANVILLE, MD 

PORTLAND, ORE 

It now seems well established that there are two distinct factois con- 
cerned m the Fat-Soluble A vitamin One is antirachitic The other 
is antixerophthalmic and giowth promoting, and letams the appella- 
tion vitamin A 

The bony lesions following a dietary regimen m which the anti- 
rachitic factor has been lacking have been described 1 Among othei 
lesions resulting from this deficiency, Kauffman, Creekmur and Schultz 2 
have described changes in the middle eai resulting m varying degrees 
of deafness Grieves 3 also claims that dental caries is another mani- 
festation of the upset in calcium metabolism 4 There has also been men- 
tioned m connection with rickets of a certain type an upset in nervous 
equilibrium, due to an improper calcium balance , 1 while Reynolds and 
Macomber 5 assign to the same cause some cases of sterility 

The absence of vitamin A fiom an otherwise adequate diet will 
cause a cessation of growth soon followed by the characteristic eye 
lesions so well described by Mori c He also showed that the salivary 
glands undergo a cessation of secretoiy activity analogous to that under- 
gone by those of the orbit Daniels, Armstrong and Hutton 7 have 
lecently emphasized the fact that the lack of vitamin A is the specific 

* From the department of physiology, University of Oregon Medical School 

1 Shipley, P G , Park, E A , McCollum, E V , and Simmons, Nina Is 
There More Than One Kind of Rickets ? Am J Dis Child 23 91-106 (Feb) 
1922 

2 Kauffman, A B , Creekmur, Francis, and Schultz, O T Changes 
in the Temporal Bone m Experimental Rickets, J A M A 80 681-685 (March 
10) 1923 

3 Grieves, C J The Effect of Defective Diets on Teeth, JAMA 
79 1567-1573 (Nov 4) 1922 

4 We have noted in our own work a greatly increased fragility of the teeth 
of deficient rats, and, in some instances, we have found a stub where a brittle 
tooth had snapped off 

5 Reynolds, Edward, and Macomber, Donald Defective Diet as a Cause 
of Sterility, J A M A 77 169-175 (July 16) 1921 

6 Mori, S Changes in Para-Ocular Glands Which Follow Administration 
of Diets Low in Fat-Soluble A, Effect of Same Diets on Salivary Glands and 
Mucosa of Larynx and Trachea, Bull Johns Hopkins Hosp 33 357-359 (Oct ) 
1922 

7 Daniels, Amy L , Armstrong, Margaret E , and Hutton, Mary IC Nasal 
Sinusitis Produced by Diets Deficient in Fat-Soluble A Vitamin TAMA 
81 828-829 (Sept 8) 1923 
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factor that permits another disorder to develop which they have termed 
paranasal and mastoid sinusitis Because of this deficiency, bacterial 
invasion of the mucous membranes of the ear and nasal cavities is made 
possible 

The results of experiments with vitamin A deficient diets seem to 
justify two general statements first, that cellular activity is minimized, 
and second, that out of this reduction m activity comes an increased 
susceptibility to infections hastening the termination of the experiment 
A finer analysis of the first of the preceding statements will show that 
the results of a lessened cellular activity will depend on the type of cell 
affected If there is a curtailment of the activity of somatic cells, the 
first result will be failure to produce new cells — stoppage of growth, 
the second, inability to leplace cells already existing — loss of main- 
tenance, and the third, actual regression If there is a diminution 
m the activity of glandular cells, the results will vary with the type of 
gland affected and, m general, there will be a lessened resistance to infec- 
tion, malnutrition and sterility 

Vitamin A is a substance necessary for the normal functioning of the 
body tissues It is not clear just how it meets this necessity It may 
either be one of the essential ingredients needed in cell structure or 
it may act as a hormone making available some necessary com- 
ponent in cell formation In either case, it is absolutely essential for the 
cell multiplication necessary for growth and maintenance 

In general, growth is proportional to the supply of vitamin A 
Normally, a rat matures at three months of age It also obtains about 
tluee fourths of its body weight m that time At the very time m a 
rat’s life when the bulk of the vitamin A supply is no longer needed 
for growth, the reproductive organs begin to function Most of the 
vitamin A intake during the first three months of a rat’s life is used for 
the formation of new cells throughout the body When the animal has 
practically attained its growth and the majority of the new somatic cells 
needed are those required for replacement, the vitamin A supply is 
utilized in new quarters, m the glandular elements, where cell increase 
suddenly takes a tremendous impetus, which it maintains throughout the 
vigorous span of a rat’s life The rat is now matuie, the sexual func- 
tion is established, and the nervous, respiratory and digestive systems 
have become stabilized by proper and sufficient glandular activity 

The purpose of this paper will be to offer observations m support of 
the preceding statements, and to show that a vitamin A deficiency causes 
such a reduction in cellular activity as to amount to a pluriglandular 
deficiency, and that this in turn brings about secondary changes directly 
leading to death 
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The technic of the feeding experiments conforms as closely as pos- 
sible to the riles governing such experimentation A description of 
methods has appeared so many times m the literature that, aside from 
saying no departures were made from the best approved methods, 
nothing further will be added 

Our work confirms m many respects the findings mentioned above, 
and brings out additional pathology of this deficiency For some time, 
we have observed that our rats on a vitamin A low diet, when reaching a 
stationary nutritive regimen, could be made to do much better by the 
simple expedient of moistening their food The food is ordinarily in a 
senndry, caked condition For the first seven or eight weeks, they 
eat enough of the food in this condition to produce fair growth curves 
Then ensues a period of variable length, from one to three weeks, when 
they either become fussy and scatter the food about the cage or act 
indifferently toward it If sufficient moisture is now added to the food, 
this condition does not become so acute As implied above, we are 
inclined to attribute this to the xerostomia and to consider it an early sign 
of the specific vitamin deficiency This dry condition of the mouth is 
further demonstrated m the following manner Several small cotton 
swabs of uniform size and firmness are made They are slightly 
moistened m a solution of brom thymol blue, which will turn blue when 
m contact with the alkaline saliva One swab is used for each rat An 
equal number of normal rats are similaily treated for controls The 
moistened applicator is placed in the rat's mouth and thoroughly 
swabbed about In the normal animals, the cotton immediately takes 
on a very dense blue color, while with the test animals the color appears 
fainter in hue and occurs in spots and patches, indicating a lessened 
amount of salivary secretion 

With the procedure just described, a fairly accurate estimate may be 
obtained of the hydrogen ion concentration of the saliva, of the secre- 
tions of the vagina and the rectum, of the pentoneal fluid and of the 
blood serum In such instances, the swabs were matched for color to a 
series of swabs made from buffer solutions of known hydrogen ion con- 
centration Thus it was that we found that the reaction m the mouth 
of a rat suffering from xeropthalmia and xerostomia had changed from 
the normal alkaline condition of p R 7 4 to an acid one of p H 6 6 This 
was due to a decrease in the alkaline saliva, increased stasis of intra-oral 
material and bacterial activity 

This condition of dryness does not exist in the mouth alone Mori 6 
found it in the eyes We have found that it involved the upper part at 
least of the trachea, for such rats, when given painful stimuli, are unable 
to squeal as do normal rats when similarly stimulated, but give forth, 
instead, a dry, husky cry or none at all, depending on the degree of 
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involvement This attempt at a cry is accompanied by the usual facial 
grimaces, and is undoubtedly an attempt on the part of ?he rat to give 
voice to his discomfort This dysarthria is additional evidence of the 
general xerosis due to glandular insufficiency, and is analogous to a 
similar condition, described by Mori , 6 occurring in school children 
suffering with xerophthalmia 

This lack of glandular activity does not seem to be limited to the 
para-ocular, paranasal and para-oral glands The dryness of the feces 
and of swabs applied to the rectum, large bowel and vagina seems to 
indicate that here, too, is a lessening m the secretions There are still 
other evidences of vitamin A deficiency that can very well be associated 
with the lack of glandular activity noted m the foregoing These are 
the lack of gonadial activity as manifested by variations m reproductive 
ability, marked underdevelopment of the seminal vesicles, lessening of 
the mammary secretion, due both to incomplete development and to 
decreased function, and a curtailment in the secretory activity of the 
oil glands of the skin, resulting in a dry, bustling hair, which falls out 
much more readily than that of normal animals More could be said 
concerning the changes occurring m the reproductive system, but this 
material is being reserved for a future report 

The marked decrease in cellular activity noted above should be con- 
sidered the primary pathologic change resulting from vitamin A 
deficiency The decrease in secretions promotes desquamative changes , 
destroys the action of cilia, lowers bactericidal ability, and, m many 
other ways, provides portals for entry of numerous organisms that soon 
produce pyogenic lesions with their associated complications These 
should be considered as secondary pathologic changes resulting from a 
lack or shortage in vitamin A 

Our necropsy records of such deficient rats show that a large 
majority of them had pyogenic infections In many instances, we found 
the posterior third of the tongue the seat of abscesses ranging in severity 
from a single small centrally placed abscess to an involvement m which 
there was almost total destruction of that portion of the tongue The 
organisms causing these central abscesses seemed to have gained entrance 
either through the foramen cecum or that tissue representing its vestiges 
Other abscesses, more laterally placed and generally much more exten- 
sive and destructive, had their origin fiom material escaping from the 
ruptured salivary ducts leading from the submaxillary and sublingual 
glands In all cases of lingual abscesses, the sublingual and submaxillary 
glands were found infected, their ducts greatly distended with purulent 
material and the region of their opening beneath the tongue alwajs 
marked by cystic dilatation Other abscesses have been found on the 
borders of the lips These oral abscesses must be of prime importance 
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as reasons for the rats’ refusal to eat, and undoubtedly share m the 
explanation of their nutritive decline 8 

In most cases, mucopurulent material has been found m the nasal 
sinuses and middle ear due to direct extension from the nasal tiacts and 
eustachian ducts Large purulent plugs have been found in the naso- 
pharynx which had their ongm as drainage from the higher lespiratory 
areas These plugs frequently acted as a serious menace to free respira- 
tion In these particular instances, the rats would have paroxysmal 
spells of sneezing, which would produce marked cyanosis and pro- 
nounced exhaustion It is likely that during these paroxysms particles 
became dislodged and were aspirated further into the respiratory tract, 
producing numerous purulent deposits in the lungs Necropsies on 
such animals seemed to indicate such a course Thus, the infection was 
spread to the pulmonary tissues, and extensive empyemic areas 
developed We have seen numerous cases m which the lung tissue was 
almost entirely replaced by immense accumulations of pus These 
animals did not seem to die so much from the infection itself as from 
the gradual obliteration of the respiratory tissue and the resultant 
asphyxia Respirations would become more dyspneic, and oxygenation 
so poorly accomplished that the rat would have to minimize all physical 
effort Even then he would gradually become more cyanosed, lose 

8 I was an interested witness at a necropsy recently held at the Multnomah 
County Hospital The body examined was that of a Chinese, aged 55 He 
was 5 feet 9 inches (175 2 cm) in height, and weighed 100 pounds (45 4 kg) 
His body was very emaciated No clinical diagnosis had been made, as he 
persistently refused to answer all questions, stating over and over again that 
he was all right Physical examination was negative, except for small enlarge- 
ments on both sides of the throat in the region of the submaxillary glands 
The teeth were extremely bad The urine was negative, except for a trace 
of albumin and a few casts The history, so far as obtained, was also negative 
He was in the hospital only a few days before he died, and during that time 
steadily refused all food, drink and medication Toward the last, he even 
refused to have his temperature taken by mouth He talked very little, and 
then only b> urging The temperature averaged 97 F , running at times as 
low as 94 and as high as 982 The pulse was 80, and the respirations 20 
The only complaint was a “burning m the throat ” He rapidly grew weak, 
and toward the last was occasionally irrational Outside the usual senile 
changes and evidences af arteriosclerosis, the necropsy findings were negative, 
except for these very significant points A large abscess beneath the tongue 
was found at the point of exit of the submaxillary ducts, the ducts themselves 
were distended with pus and the glands were greatly enlarged and engorged 
with purulent material , the esophagus presented numerous submucous abscesses, 
and the posterior portions of the lungs were congested Although the cause 
of death was given as hypostatic pneumonia, it is evident that this is only 
a partial truth and does not explain the primary condition leading to this 
result It is difficult to understand how a human being living m the midst 
of our modern life could die from a deficiency such as described above, yet 
it must be considered a possibility Especially is this true when one con- 
siders how near to the border of adequacy are many of the menus of an 
average person’s diet 
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steadily in body heat, and, finally, die of exhaustion and malnutrition and 
the associated low grade intoxication 

By dnect extension from the nasopharynx, the infection spread to 
and involved the middle ear, and, in some cases, became so severe in 
this location that the vestibular apparatus also became involved, causing 
the animal to show circus movements Frequently, the stomach is found 
containing purulent material which has been swallowed from the naso- 
pharynx Small abscesses have been found on the borders of the 
eyelids, others at the bases of the nails, and, in one case, a large pus 
pocket was found embedded in the wall of the vas 

In regai d to the multiple purulent onychia noted above, it should be 
mentioned that Haden and Jordan 9 have reported experimental work in 
which they claim that multiple onychia can be produced as a result of a 
blood borne infection having as a source septic foci m the teeth 
Grieves 3 has found that such infective foci exist as a result of these 
defective diets It would therefore seem probable that this case of 
multiple purulent onychia is an exceptional graphic demonstration of the 
generalized infection that affects many of these deficient rats 

Mention has been made elsewhere in the literature of the fact that 
normal rats, under laboratory conditions, occasionally develop a peculiar 
infection of the lungs that causes death This condition is similar to 
that described above but is in less aggravated form and only occurs 
(a) in old rats, (b) in those which have been subjected to too heavy a 
reproductive strain and, as a result, have their resistance lowered to a 
critical point, and (c) in those whose vitality was never on a par with 
that of their mates Any change from the normal habitus of an animal 
will make it more susceptible to the inroads of disease, and, for that 
reason, only the most robust and vigorous should be selected for expen- 
mental purposes It must not be forgotten that the same tendencies are 
inherent in vigorous animals, and that it takes only some additional load, 
such as a defective diet, to make the same diseases appear in them 

It will thus be seen how the decrease m the secretoiy elements of 
the eyes and mouth lowers the resistance to invading organisms which 
soon dominate the situation with serious results Histologic sections 
of the trachea reveal a desquamated and eroded condition In the lungs, 
the alveoli can be seen breaking down to form larger cavities Wherever 
the lining of the alveoli is eroded or broken through, numerous organ- 
isms can be seen invading the surrounding tissue This infection cannot 
be of pronounced virulence, for occasionally noimal animals develop the 
snuffles and recover with no further extension of the infection The 

9 Haden, R L, and Jordan, W H Multiple Onychia as a Manifestation 
of Focal Infection, Arch Dermat & Sjph 8 31-36 (July) 1923 
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test rats become affected m the same degree as their diet is deficient If 
the diet is only moderately deficient or if the animal is of greatei vigor, 
the infection is overcome but recurs again and again with increasing 
severity as the deficiency becomes more and more pronounced 

The lung condition above described is decidedly at variance with 
another pulmonary involvement which also occuis but in which the 
pyogenic agency does not play so prominent a part Rats dying of the 
latter condition do not run so long a course The piocess is more ful- 
minating and is not always associated with a metabolic decline , that is, 
their growth curves may still be on the ascent They will, nevertheless, 
generally show slight pyogenic involvement at the base of the tongue or 
m the ears The nose, however, instead of containing mucopurulent 
material, has a serosangumeous exudate which dischaiges quite freely 
fiom the nares The tracheal mucosa is inflamed and covered with a 
sanguineous exudate The lungs are extremely congested This is 
evidently a bronchogenic pneumonia of a sufficiently virulent type to 
overwhelm the animal before much loss m body weight has occurred 
The fatalities lesultmg from the infections described in the fore- 
going are not due, according to Werkman, 10 to any reduction in the 
cataphylactic activity of the animal Findlay 11 showed that in vitamin B 
deficient pigeons, the resultant loss m body heat was the decisive factor 
in the development of fatal pneumonias In our animals, loss of heat 
could not have been a factor since their temperatures did not decline 
from the normal 101 to 102 F for many days after the infection was 
obviously present In fact, a drop in temperature was almost always 
associated with a slowing of the respiratory rate and the two together 
considered as early signs of death We have frequently observed rats 
with a body temperatui e so low as not to be obtainable with an ordinary 
clinical thermometer and with respiratoiy rates of 16 to 20 a minute 
Any influence of a possible resultant thrombopema on susceptibility to 
infection cannot be claimed as the evidence is too conflicting 12 

COMMENT AND SUMMARY 

In general, the results of test feeding depend to a great extent on the 
time m a lat’s life when the experimental dietary is commenced We 

10 Werkman, C H Immunologic Significance of Vitamins, Influence of 
Lack of Vitamins on Production of Specific Agglutinins, Precipitins, Hemolysins 
and Bacteriolysms m Rat, Rabbit and Pigeon, J Infect Dis 32 247-254 (Anril) 
1923 

11 Findlay, G M B Vitamin and Pneumococcal Infection, Lancet 1 714- 
715 (April 8) 1922 

12 Cramer, W , Drew, A H , and Mottram, J C Behavior of Platelets 
in Vitamin A Deficiency and Technique of Counting Them, Brit T Exper 
Path 4 37-44 (April) 1923 Bedson, S P, and Zilva, S S Influence of 
Vitamin A on Blood Platelets of Rat, Brit J Exper Path 4 5-12 (Feb ) 1923 
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wish to emphasize the fact that on this point depends whether or not 
the results noted are due to functional or to organic changes If a rat 
is used for expel imental feeding tests after it has attained its growth, 
the results will be more or less due to functional disturbances, while 
those obtained with rats that are fed test diets during the growing stage 
will be due to organic changes Especially is this true of vitamin A 
underfeeding A rat raised on a diet lacking only in vitamin A has a 
pluriglandular deficiency in substance as well as in secretion such that 
normality cannot be established by any increase m the vitamin A fraction 
The best that could be expected on an optimal diet would be a maximum 
efficiency for what tissue it possesses On the other hand, adult rats 
whose tissues have matured but are in a nonfunctioning condition 
because of the lack of these essential elements, can be restored to their 
original activity when the missing factors are supplied 

Stress is laid on the point that not only must a diet be adequate in 
all respects but that it must also be presented to the body at a time when 
its life’s forces can utilize it in the formation as well as the operation 
of its cellular units 

The pathologic condition arising from vitamin A deficient diets has 
been described under two heads, primary and secondary The primary 
change occurring is a generalized decrease in glandular activity resulting 
in xerosis of the eye, mouth, larynx and skm, and in malnutrition and 
sterility This makes possible the secondary changes that occur, namely, 
those produced m the eye, nose, mouth and lungs by bacterial invasion 



THE RESPIRATORY ORGANS IN HEALTH AND 

IN DISEASE 

XVIII THE VITAL CAPACITY OF THE LUNGS IN CHRONIC FIBROUS 

PLEURISY, HEALED EMPYEMA AND PULMONARY TUBERCULOSIS 
BOTH CLINICAL AND NONCLINICAL " 

J A MYERS, MD 

AND 

C H RICE, BS 

MINNEAPOLIS 

In an earlier study it was stated that "groups of cases with evidence 
of parenchymatous lesions showed reduction m the aveiage vital 
capacity The average vital capacity was found to decrease with the 
extent of disease revealed by the roentgen-ray and physical signs There 
was also a decrease in the average vital capacity with increase of 
symptoms ” Since that time, considerable new data have accrued As 
the data are treated somewhat differently m tins study, we felt that it 
would be permissible to include some of those used m the earlier study 
The vital capacity percentages were taken from tables 1 prepared from 
Dreyer’s 2 weight formulas and West’s 3 surface area method 

When 773 cases were grouped according to physical signs, 338 were 
found to be negative This group of negative cases presented an aveiage 
vital capacity of 102 4 per cent of the theoretical normal The average 
percentage of vital capacity previously reported 4 m 149 cases was 103 6 
per cent of the normal These figures agree quite closely with those 
reported by others for persons ranging m age from 18 to 40 years Most 

Presented before the medical staffs of the Lymanhurst School for Tuber- 
culous Children and the Parkview Sanatorium, June 24, 1924 

> From the department of internal medicine and the department of pre- 
ventive medicine and public health, University of Minnesota Medical School, 
and the Parkview Sanatorium 

* This study was carried out with the aid of a grant from the Research 
Fund of the University of Minnesota 

1 Myers, J A Studies on the Respiration Organs in Health and Disease, 
VIII, A Method for Quickly Obtaining the Percentage of an Individual Theoreti- 
cal Normal Vital Capacity of the Lungs, Am Rev Tuberc 7 161 (May) 1923 

2 Dreyer, Georges Investigations on the Normal Vital Capacity in Man 
and Its Relation to the Size of the Body, Lancet 2 227 (Aug 9) 1919 Dreyer, 
Georges, and Hanson, G F The Assessment of Physical Fitness, New York, 
Paul B Hoeber, 1921 

3 West, H F Clinical Studies on the Respiration, VI, A Comparison of 
the Various Standards for the Normal Capacity of the Lungs, Arch Int Med 
25 306 (March) 1920 

4 Myers, J A Studies on the Respiration Organs in Health and Disease, 
VII, A Correlation of Symptoms, Vital Capacity Readings and Physical and 
X-Ray Findings in 619 Cases Examined for Pulmonary Tuberculosis Am Rev 
Tuberc 6 702 (Oct) 1922 
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of the cases presented m this study are within these age limits In forty- 
seven of our cases, the diagnosis was leserved on first examination 
because the evidence was not sufficient to justify either a positive or a 
negative diagnosis In Table 1, it will be seen that the average vital 
capacity for this group was 98 7 per cent of the theoretical normal 
When physical signs are present to justify a classification of minimal 
tuberculosis, ninety-eight cases with symptoms A present an average 
vital capacity of 90 per cent , thirty-two cases with symptoms B present 
an average vital capacity of 81 3 per cent , while six cases with symptoms 
C present an average vital capacity of 77 4 per cent , of the theoretical 
normal 

Table 1 shows that when the physical signs justify diagnosis of 
moderately advanced and far advanced disease, the vital capacity is very 
materially decreased and the decrease becomes more marked with 
increase m symptoms 

Table 1 — Seven Hundicd and Scventy-Tlu ee Cases Grouped According to 

Symptoms and Physical Signs 


Number of Oases Average Vital Capacity 


Negative 

338 

102 4 

Diagnosis resen ed 

Pulmonary tuberculosis 

47 

98 7 

Minimal A 

9S 

900 

B 

32 

813 

o 

6 

77 4 

Moderately advanced A 

68 

830 

B 

66 

741 

C 

11 

69 5 

Par advanced A 

34 

530 

B 

52 

507 

C 

21 

42 6 

Total 

773 



In Table 2, 717 cases are grouped according to roentgen-ray find- 
ings In 112 of these cases m which the stereoscopic plates revealed no 
evidence of disease, the average vital capacity was found to be 104 1 per 
cent of the normal When chronic fibrous pleurisy is present, it will 
be seen that the average vital capacity is approximately 10 per cent 
lower than in the normal cases A slightly greater reduction was found 
m twenty-six cases with healed empyema 

When lesions were revealed m the lung parenchyma, we did not 
possess a method of determining accurately the volume of lung tissue 
involved , therefore, the cases were grouped according to an estimated 
■volume of involvement Those with shadows “above the first rib” 
(Table 2) did not all have involvement of that total area, but many had 
small shadows scattered through that area This also is true of the 
group of not more than one lobe” cases A case with small shadows 
tin ough one lobe might, therefore, have a smaller total volume of involve- 
ment than one with heavy shadows above the first rib 
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Another point of considerable interest to us is that many of the 
cases presented here did not have clinical tubei culosis , m other words, 
they fall into that gioup m Bi own’s D classification of demonstiable non- 
clinical cases Many of them gave no history of illness Of this entire 
group, some were examined because they were applying for insuiance 
or compensation , some were examined because they believe in periodic 
physical examinations, and others were examined because they showed 
definite symptoms Of the entire group of 717 cases, 203 fell into the 
“above the first lib” group The aveiage vital capacity for this group 
was found to be 98 7 per cent of the theoretical normal This figure is 
only slightly below that of 101 cases with negative roentgen-ray findings 
(Table 2) 

Table 2 — Seven Hundred and Seventeen Cases Grouped Accoidmg to 

Roetgcn-Ray Findings 


Olinlcnl 


Clinical Significance Noncllnicnl 

Tuberculosis Questionable Tuberculosis 

I _ < , . A,. A, 






* 


-* v/ 

A 


No 

Average 

No 

Average 

No 

Average 

No 

Average 


Of 

Vital 

Of 

Vital 

of 

Vital 

of 

Vital 


Oases Capacity Oases Capnclty Cases Capacity Cases Oapacity 

Negative 

112 

1041 







Pleurisy (chronic fibrous) 

54 

941 







Fmpycmn (healed) 

Pulmonary tuberculosis 

20 

910 







A Unilateral 









1 Above the first rib 

203 

98 7 

42 

85 5 

9 

89 0 

152 

103 0 

2 Not more than one lobe 

91 

905 

38 

87 5 

7 

921 

49 

103 7 

3 More thnn one lobe 

22 

050 

22 

050 

Nono 

B Bilateral 









1 Above the first ribs 

VO 

95 5 

30 

84 3 

8 

9S7 

32 

302 8 

2 Not more than two lobes 

90 

80 9 

09 

74 4 

4 

100 0 

17 

101 8 

3 More than two lobes 

40 

53 8 

40 

53 8 

Nono 

Total 

717 









Of the 203 cases, however, only forty-two had clinical disease Their 
average vital capacity was found to be 85 5 per cent of the normal or 
more than 18 per cent lower than the group of 101 negative cases Of 
the 203 cases, there were nine in whom the clinical significance was 
questionable at the time of the examination They piesented an average 
vital capacity of 89 pei cent of the normal Among the 203 cases, 152 
fell into the class of demonstrable nonclmical disease It was gratifying 
to us to find that this group possessed an average vital capacity approxi- 
mately as high as the group of negative cases 

It is obvious, therefore, that it is never fan to the vital capacity test 
to present averages from cases grouped according to the roentgen-ray 
findings alone The clinical significance of disease is of utmost impoi- 
tance This holds tiue thioughout the lemainder of Table 2, which is 

5 Brown, Laurason Early Diagnosis of Pulmonary Tuberculosis T A 
M A 78 79-84 (Jan 14) 1922 
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self explanatory Small areas of nonclimcal disease affect the "vital 
capacity of the lungs very little or not at all On the other hand, our 
study leads us to believe that clinical tuberculosis practically always 
reduces vital capacity 

At this point, attention must be called to one of the pitfalls m vital 
capacity work It is a well known fact that because of special previous 
development and training a considerable number of persons have vital 
capacities much greatei than those indicated by our present normal 
standards Such persons may present capacities which appear to be 
above the normal but which in reality are definitely reduced Because of 
this fact, the vital capacity test can never be as useful as we should like to 
see it In other words, oui normal standards can never be made to cover 
these exceptional cases any more than normal weight standards can 
ever cover unusual and exceptional cases In such cases, the vital 
capacity test is of great value if actual readings have been recorded while 
patients were m good health At any subsequent examination, a definite 
reduction m the vital capacity is of no little significance The following 
case illustrates this point 

REPORT OF CASE 

A man, aged 25, examined while apparently in good health, had a vital 
lung capacity of 5,000 c c , which was much beyond his theoretical normal 
The physical and roentgen-ray examination revealed no evidence of a pathologic 
condition of the chest A few months later, this man appeared for reexamina- 
tion This time his general appearance had changed He looked ill His 
vital capacity was 2,500 cc — just half of his capacity when m good health 
Further examination revealed an extensive pleural effusion To be sure, this 
was easily detected by other means, but one occasionally encounters con- 
ditions less easy to detect, in which the vital capacity renders a very distinct 
sen ice in diagnosis 

In a few persons apparently m good health, the vital capacity is con- 
siderably below that which our present normal standards would indicate 
Although no cause can be found, it remains persistently low Here, 
again, vital capacity records previously made are of great value 
Although this ideal will never be reached, it is gratifying to know that 
many institutions, both educational and industrial, are making vital 
capacity records of their students and employes as a matter of routine 
Many practitioners of medicine are also making records of the vital 
capacities of their patients The recording of vital capacities probably 
will nevei become universal any more than the lecordmg of body weights 
is universal , therefore, we will be compelled to use theoretical normal 
standards to a large extent We wish to encourage the recording of vital 
capacity as a routine matter m just as many persons as possible, as we 
are convinced that the test is worth while, and that serial readings bring 
out the greatest value of the test to the physician 



NEPHROSIS 


A CLINICAL AND PATHOLOGIC STUDY* 

JOSEPH KAUFMANN, M D , and EDWARD MASON, M D 

MONTREAL 

The term nephrosis, introduced several years ago, was carefully 
studied by Volhardt, and later elaborated m the studies of Epstein, 
Eppmger and many other observers 

There is a type of disturbance m which one finds, as outstanding 
features, massive edemas and anasarca, low blood pressure, abundance 
of albumin m the urine, a urine of a high specific gravity, a urinary sedi- 
ment that is rich in casts and shows a persistent absence of blood, and 
a kidney that shows essentially a degenerative process m the epithelial 
cells This condition is clinically referred to as nephrosis Further, we 
find that the urine contains globulin, there are no eye changes m the 
uncomplicated cases, the fundi remaining normal throughout the illness , 
there is a moderate but progressive anemia and an inability to excrete 
salt , the level of the plasma chlonds depends on the developing or elimi- 
nating of the edema , there is normal excretion of nitrogen end-products, 
normal blood nonprotem nitiogen, increase of cholesterol in the blood, 
a decrease in the total blood proteins, with a relative increase in per- 
centage of globulin, edema fluids are rich m globulin, and there is a 
low basal metabolism (calculated on the false weight) 

The foregoing clinical features might be considered as typical of a 
pure form of the condition from beginning to end, and establishes Type 1 
of uncomplicated nephrosis 

Case 1 — Type 1 Ncphiosis — R. E B, a man, aged 29, was admitted to 
the Royal Victoria Hospital, Oct 22, 1923, and died, Feb 17, 1924 He was a 
farmer, and had been overseas, in France, four years during the World War 
He complained of swelling of the abdomen, legs and back, coughed, and 
had pain in his sides 

He had suffered with pyorrhea and bad teeth for several years preceding 
the onset of the present illness He was in a hospital, m France, with this 
trouble, on one occasion for eight days, and on a second occasion for fourteen 
days He was a chronic sufferer from sore throat July 16, 1923, after the 
extraction of several teeth, he first noticed a painless swelling of the external 
genitalia, which was later followed by swelling of the legs and back He 
also had some headache His appetite became poor The swelling of the 
limbs became annoying There was some frequency of micturition by day, but 
no night frequency No disturbances of vision were noted About the middle 
of September, the abdomen became greatly swollen, and he was very short 
of breath 

The patient had had no venereal disease He was a moderate smoker, 
and did not use alcoholic beverages He had been a hard laborer all His 


*From the Royal Victoria Hospital 
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life He had had measles, whooping cough and chickenpox in early childhood 
The family history was good 

Examination showed a well-developed man of good color, weighing 180 
pounds (816 kg), with marked edema of the legs and thighs, ulcerated 
and decayed teeth, pyorrhea alveolaris, with evidence of abundant free fluid 
in the peritoneal cavity The liver and spleen were of normal size There 
was slight passive congestion of both lungs and moderate double hydrothorax 
There was a slight pericardial effusion, otherwise, the heart was normal 
The systolic blood pressure varied from 142 to 122, the diastolic, from 98 to 90 
Blood examination revealed October 23, red blood cells, 5,400,000, white 
blood cells, 11,500, hemoglobin, 95 per cent , November 3, red blood cells, 
5,300,000, white blood cells, 10,000, hemoglobin, 85 per cent , December 15, 
red blood cells, 5,100,000, white blood cells, 9,200, hemoglobin, 80 per cent , 
Jan 28, 1924, red blood cells, 4,720,000, white blood cells, 10,600, and hemo- 
globin, 75 per cent The blood smear was normal 

The blood Wassermann reaction was negative, even after a provocative 
dose of neoarsphenamin The prostate showed a simple enlargement The 
remaining systems showed nothing of importance 

The urine was turbid amber , specific gravity was 1 032 , the albumin 
totaled from 5 to 8 gm a liter Microscopic examination showed coarse and 
fine granular and hyaline casts A phenolsulphonephthalem test resulted in 
the return of 34 per cent in the first hour, and 14 per cent in the second 

Table 1 — Blood Chemistry m Case 1 



Blood Urea, 

Creatmin, 

Plasma Ohlorids, 



Gm per 

Mg per 

Gm per 


Date 

Litei 

100 Cc 

Liter 

Piindl 

10/23/23 

0 39 

15 

5 97 


10/27/23 

0 46 


6 22 


12/18/23 

0 31 

175 


Normal 

1/ 4/24 

0 24 

152 

6138 


1/11/21 

029 

147 

6 47 


1/29/24 

0 37 

155 

614 



Nov 5, 1923 globulin, 2 25 per cent , albumin, 3 43 per cent 


hour, a total of 48 per cent in two hours This test was repeated and always 
showed a good output 

Jan 12, 1924, the concentration of urea was 1 8 per cent in the second hour, 
and the factor, determined according to McLean, was 31 6 (slightly lowered) 
January 7, the ascitic fluid showed 6 14 gm sodium chlorid per liter 
The Mosenthal test showed a fixed specific gravity of the urine at 1 020 
The electrocardiogram showed a normal tracing The basal metabolism 
was minus 20 per cent (estimation on false weight) A roentgen-ray examina- 
tion of the chest showed fluid at the bases of both lungs 

The ordinary intake of fluids had varied from a minimum of 600 c c to a 
maximum of 1,300 c c The output varied from 2,030 c c , early after admission, 
to almost anuria, just before the patient’s death 

The temperature was normal, except toward the end, when he developed 
a terminal pneumococcic peritonitis, from which he died 

The abdomen was aspirated six times between November 27 and February 
12, a total of 25,260 c c of fluid being withdrawn, varying in color from a clear 
straw to turbid, and containing lymph flakes 

The patient’s condition went from bad to worse He developed a pneumo- 
coccic peritonitis, Feb 12, 1924, and died some five days later of respiratory 
embarrassment There was no coma Therapeutic measures, consisting of 
various diets and drugs, were all of no avail, and did not modify the course 
of the illness 

The following is a brief summary of the positive findings which have a 
definite bearing on the case The onset was that of a renal disease with 
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gradually increasing edema and anasarca The heart and blood vessels were 
normal The blood pressure was normal The urine showed a moderately 
high and fixed specific gravity and high albumin content, with abundance of 
casts but no blood There was some secondary anemia Blood chemistry 
showed a slight chlorid retention, otherwise, the findings were normal The 
ratio of albumin to globulin m the blood was normal The phenolsulphone- 
phthalem output was only slightly impaired The fundi were normal Basal 
metabolism was low The gums and teeth were diseased Therapeutic mea- 
sures were disappointing The patient died with a terminal pneumococcus 
infection of the peritoneal cavity There was no uremia There were no 
signs of ruptured compensation 

The postmortem examination showed the following findings degenerative 
and exudative nephritis, and pneumococcic peritonitis 

Other lesions were parenchymatous degeneration of the organs , hyper- 
plastic splenitis, hydrothorax, hydropericardium, and anasarca 

Macroscopic examination of the kidneys revealed that the left kidney weighed 
300 gm and the right kidney, 270 gm In both kidneys, the capsule stripped 
with ease, leaving a smooth, pale surface with vascular markings On 
section, the cortex bulged slightly and appeared swollen The differentiation 
between the cortex and the medulla was fair The surface showed reddish 
and yellow radiating streaks The medulla was yellowish and appeared fatty 

When microscopic examination was made, the glomeruli appeared to be 
intact The lumina of the tubules were dilated and filled with pale staining 
structureless material Some of the tubular epithelium had desquamated, while 
the rest was granular and hazy m outline The whole section appeared 
edematous, with an increase in size of the spaces between the tubules There 
was little or no inflammatory exudate, and no increase in fibrous tissue The 
blood vessels were dilated and filled with blood 

The second type of the same disease is one which, while retaining 
certain of the features of Type 1, has certain alterations as well as 
additions to the clinical picture The blood pressure rises moderately, 
fundi changes develop, and the patient loses the ability to concentrate 
the urme (as in Type 1) There is an impairment m nitrogen excretion, 
and fat appears in the urme and ascitic fluid Among the features of 
Type 1 which are retained are massive edema and anasarca, poor 
chlorid excretion, high cholesterol in the blood and high plasma and 
transudate chlorids 

Case 2 — Type 2 Ncphiosis — J A L, a man, aged 53, was admitted to 
the Royal Victoria Hospital Jan 4, 1924, and died February 16 He was a 
laborer, and had been in overseas service, in France, three years during the 
World War His complaints were swelling of the abdomen, legs and arms, 
with headache, weakness and dry mouth 

In June, 1918, the patient was invalided home from France on account 
of so-called chronic rheumatism He worked very hard until December, 1921, 
but noticed during that time that his legs were swollen and that he was short 
of breath Late in December, 1921, he was obliged to give up work because 
of these complaints In January, 1922, he was admitted to the Western General 
Hospital, and remained there for five months, the condition having progressed 
The abdomen and scrotum now became swollen, and he complained of great 
thirst and a dry mouth Since leaving the hospital, he had been a confirmed 
invalid, although he was able to go for moderate walks In December, 1922, 
he was readmitted to the hospital, and remained there for three months, 
without making any favorable progress He left the hospital in February^ 
1923 He now complained of headaches more or less constantly November, 
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1923, he took to bed on account of the increasing swelling of the legs Jan 4, 

1924, he was admitted to the Royal Victoria Hospital He was short of 
breath, complained of palpitation, coughed a good deal and \omited frequently 
He had some night and day frequency 

The patient had had diphtheria, measles and whooping cough in childhood 
He was a moderate smoker, and had been a heavy drinker of beer until 1920 
(drinking from ten to fifteen glasses daily), but not since then He said he had 
had no venereal disease He had had rheumatism in the joints and muscles 
in 1918 (not acute rheumatic fever) 

The father of the patient suffered from renal calculus, being 89 years old 
The mother died of chronic interstitial nephritis at 36 The family history 
was otherwise negative 

Examination showed a well developed, large man, with pale skin and mucous 
membranes, marked edema of the legs and thighs, bad teeth and healthy gums 
There was massive effusion into the peritoneal cavity and extensive edema 
of the abdominal wall The rectum and the prostate were healthy The 
liver and spleen were not palpated There was some congestion of the lungs 
with double hydrothorax, slight hypertrophy of the heart and pericardial effusion 
The systolic blood pressure varied from 194 to 170, the diastolic from 108 to 110 
The blood showed a well marked secondary anemia with some anisocytosis and 
poikilocytosis The differential blood count was normal 


Table 2 — Blood Chemist) y in Case 2 


Date 

Blood Urea, 

Gm per 

Liter 

Creatimn, 
Mg per 

100 C c 

Plasma Olilonds, 
Gm per 

Liter 

Fundi 

1/11/34 

0 95 

261 

711 

Albuminuric 

1/24/24 

1 03 

315 

6 62 

retinitis 

2/13/24 

1 % 

3 61 




Carbon diovid capacity, 10 per cent by volume Blood proteins total nitrogen, 0 77 per 
cent , nonprotein nitrogen, 0 13 per cent , globulin, 1 44 per cent , albumin, 3 06 per cent 


Blood examinations revealed January 20, red blood cells, 3,020,000, white 
blood cells, 13,400, hemoglobin, 60 per cent , January 25, red blood cells, 
3,200,000, white blood cells, 9,750, and hemoglobin, 45 per cent The blood 
Wassermann reaction was negative The fundi showed a well marked albumi- 
nuric retinitis The remaining systems showed nothing of importance 

The urine was dark amber, acid, the specific gravity was 1022, the 
albumin -f- + -f- Microscopic examination revealed granular and hyaline 
casts, fat globules and a few pus cells No blood was seen microscopically 
or chemically A phenolsulphonephthalein test resulted in a return of 7 per 
cent in the first hour, and 5 per cent in the second hour, a total of 12 per cent 
in two hours This test was repeated, a few days later, and showed a total 
output of 14 per cent in two hours 


The electrocardiogram showed a right sided preponderance 
j Examination of the ascitic fluid revealed specific gravity, 1 020, a trace of 
albumin , globulin and chlorids -f- A second paracentesis, eight days 
later, showed that the fluid in the mam was the same, except that it contained 
a moderate quantity of neutral fat 


Cholesterol in the blood totaled 555 mg per hundred cubic centimeters 
Ascitic fluid chlorids totaled 7 61 gm sodium chlorid per liter The urea 
concentration and factor showed marked impairment 

There was a decrease m the total plasma proteins The albumin-globulin 
ration i\as normal The basal metabolism was minus 24 5 per cent (estimation 
on false weight) Roentgen-ray examination of the chest showed the heart 
transi erse and moderately large The ordinary intake of fluids varied from 
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775 c c to 1,200 cc, and the output varied from 1,450 c c to almost a complete 
anuria just before death The temperature was normal during his entire stay 
in the hospital, in spite of the fact that, during the last ten days, he had a 
marked acute otitis media The abdomen was aspirated three times between 
January 5 and 18 Fifteen thousand four hundred cubic centimeters of opales- 
cent and at last almost milky fluid were withdrawn 

The patient’s condition grew progressively worse Therapeutic measures 
gave no relief whatsoevei The patient became uremic toward the end and 
died m coma 

The following is a brief summary of the positive findings, which have a 
definite bearing on this type of nephrosis The onset was that of renal disease 
of some two years’ standing with gradually increasing edema and anasarca 
the heart showed some hypertrophy, and the blood pressure was elevated 
Albuminuric retinitis was present The urine output was moderate, the spe- 
cific gravity was fixed, albumin was always abundant, and the sediment 
contained abundant hyaline and granular casts and fat, but no blood The 
phenolsulphonephthalem output was greatly reduced There was a marked 
retention of urea and creatimn, the chlorids in the blood were high, the 
chlorids and globulin in the ascitic fluid were high and the cholesterol in 
the blood was high The ascitic fluid and urine contained neutral fat The 
basal metabolism was low There was a marked secondary anemia There 
was a terminal acidosis Therapeutic measures were of no avail The patient 
developed uremia and died in coma There were no signs of ruptured com- 
pensation The postmortem examination was made one hour after death, and 
a report was returned of degenerative and productive nephritis The sub- 
sidiary lesions were arteriosclerosis, hydrothorax, hydropericardium, ascites, 
anasarca and a terminal right upper lobar pneumonia 

Macroscopic examination of the kidneys revealed that the left kidney weighed 
120 gm , the right kidney, 140 gm The renal arteries were intact The 
capsule stripped easily and showed a smooth surface of pale yellow On 
section, the cortex bulged slightly and was pale in color, and the differentiation 
was poor The cortex was narrow, 0 5 cm , with much peripelvic fat Both 
kidnejs showed the same condition 

Microscopic examination showed that many glomeruli were shrunken Some 
showed synechiae, partial or complete There was considerable edema of 
the tissues between tubules, with some fibrous tissue production The tubules 
showed dilated Iumina with low epithelium and many hyaline casts Blood 
■\essels were thickened, especially in the mtima, and all were congested 

The thud type represents all the stages of the disease 

Case 3— -Type 3 A'epluosis, Showing in Eaily Pait of Illness Chat acta istic 
Pictuie of Type 1, and in Terminal Pait, Pictm e of Type 2 — T C, a man, 
aged 18, who had recently arrived from China, was admitted to the Royal 
Victoria Hospital, May 21, 1920, and died, Nov 29, 1922 He remained in the 
Royal Victoria Hospital under constant observation from the early onset of his 
illness until his death, with the exception of a few short intervals during which 
he was allowed to return to his friends The complaints were swelling of the 
legs, body, hands and face, with weakness 

Following an attack of some febrile disturbance about one month before 
admission, the patient noticed that his feet began to swell The swelling 
progressed rapidly up his trunk, arms and face, and he was obliged to give 
up work There were absolutely no other symptoms or signs in the early 
development of his illness He had been ill with boils on the neck, while in 
China, some years before, otherwise, his history was good There’ had been 
no past illness of any importance The family history was excellent 

Examination showed a poorly developed young Chinaman, very pale, weigh- 
ing 153 pounds (694 kg), with marked generalized edema, ascites and hydro- 
thorax Fifty per cent of the weight was fluid, as shown later by the true 
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weight when the edema was eliminated The liver and the spleen were of 
normal size The buccal cavity was healthy, and the heart was healthy The 
systolic blood pressure was 110, the diastolic 65 

Urine examination gave specific gravity, 1 037-1 040 , albumin, — j — 1 — J-, as high 
as 24 gm per liter The sediment was rich in casts, there was no blood 
Oliguria was present day and night There was an inability to excrete chlorids 
The plasma chlorids were 5 8 gm per liter The nonprotein nitrogen in the 
blood was normal The urea was 039 gm per liter The abdomen was 
tapped on several occasions, large quantities of clear, serous fluid being 
removed On admission, the total plasma nitrogen was 0 74 per cent The 
blood globulin was 2 08 per cent and the albumin, 140 per cent (reversed 
ratio) 

Without any apparent reason, the anasarca began to clear gradually 
without any change in the albumin-globulin ratio The blood pressure remained 
normal The fundi were normal July 28, 1920, the patient’s weight, aftei 
the edema and anasarca had entirely disappeared, was 79 pounds (358 kg) 
approximately half of what it was on admission 

The blood findings, when the anasarca was all gone, were as follows 
total plasma nitrogen, 1 11 per cent , nonprotein nitrogen, 30 mg per hundred 
cubic centimeters , globulin, 3 4 per cent , and albumin, 2 7 per cent 

In spite of the disappearance of the anasarca, there was still a considerably 
greater amount of globulin than albumin in the blood 

During the stage of disappearance of the edema, the patient had a marked 
diuresis, as much as 2,700 c c of urine a day When the diuresis started, the 
chlorids in the blood rose to 7 05 gm a liter (July 5, 1920) When the diuresis 
was completed, the chlorids in the blood were down to 59 gm a liter The 
cause of the clearing of the edema was unknown The patient failed to 
respond to all methods of treatment With the onset of the illness, the chlorid 
output was less than 1 gm a day When the edema was disappearing, he 

was putting out from 15 to 16 gm of chlorid a day During all this tune 

he was never given salt as such , the food containing roughly about from 1 to 2 
gm of chlorids He remained free from the edema for approximately three 
weeks, and, with apparently no cause, it recurred in the first week of August 
Oliguria became a marked feature again, chlorid excretion dropped to 1 gm 
a day 

Plasma chlorids were 5 8 gm a liter, as at the onset of the illness 
The urine contained 30 gm of albumin to the liter and the other features 
vere the same as at the beginning The systolic blood pressure i\as 110, the 

diastolic, 70 The proteins m the blood were total plasma nitrogen, 0 91 

per cent , globulin, 3 61 per cent , and albumin, 1 29 per cent 

As advised by Epstein, the patient was now fed on a high protein diet 

1,548 calories with 70 gm of protein Previously, the diet had been kept 

at from 30 to 35 gm of protein The calories given were largely in carbo- 
hydrate The high protein diet resulted m nitrogen retention, the blood urea 

rising to 0 6 gm a liter With the rise in the blood urea, the blood pressure 

rose also, the systolic being 130 The fundi remained normal At this time 
the albumm-globulin ration was 1 1 The blood cholesterol was 500 mg 
per hundred cubic centimeters 

By the fall of 1921, the case presented features of nitrogen retention as 
veil as chlorid retention, with greater inability to concentrate The specific 
gravity kept at about 1015 At this time, a definite creatimn retention developed, 
2 mg per hundred cubic centimeters of blood 

Throughout the first half of 1922, the edema continued to fluctuate, the 
blood pressure gradually' rising to a level of 180 systolic, 110 diastolic 

Creatinm retention developed to 5 mg per hundred cubic centimeters of 
blood The plasma chlorids remained at from 6 2 to 6 5 gm a liter InabihA 
to concentrate became more marked, ranging from 1 010 to 1 012 The casts 
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and albumin stayed as before The albumm-globulin ratio was normal The 
anemia progressed The red blood cells totaled 2,000,000, with hemoglobin, 
SO per cent 

In the fall of 1922, the patient developed an acute bronchitis, which failed 
to clear up, and which was subsequently diagnosed as miliary tuberculosis 
Death occurred, November 29, with a marked acidosis of 36 per cent by 
volume carbon dioxid (capacity) 

It is interesting to note that this patient, in September, 1920, developed a 
renal glycosuria, having from 5 to 8 gm of glucose a day in the urine until 
death At no time did the blood sugar rise above a normal figure, the average 
value being 0 08 per cent 

The following is a brief summary of the important findings in this case 
The early stage of the illness clearly resembled Type 1 The findings were 

1 Edema and general anasarca 

2 High and fixed specific gravity of the urine, which was very rich m 
albumin and in which the sediment contained a large number of hyaline and 
granular casts, but no blood 

3 Low blood pressure, the heart and blood vessels were normal 

4 A secondary anemia 

5 Blood chemistry showing a chlortd variation according to whether the 
edema progressed or diminished Normal nonprotein nitrogen, with the globulin 
in the blood nearly twice the amount of albumin 

6 The fundi were normal 

7 Basal metabolism was low 

With the progress of the disease, other features developed closely resembling 
the well defined stages of Type 2 

1 Rising blood pressure 

2 Nitrogen retention 

3 Return of albumin-globulin normal ratio in the blood 

4 Retinal hemorrhages 

5 More marked anemia 

6 The urine showed a lowered specific gravity, the albumin and sediment 
remaining about the same There was no blood 

7 The chlorid retention improved somewhat with the development of the 
nitrogen retention 

8 There were no signs of cardiovascular give way 

The following points are of special interest in connection with this case 

1 The disappearance of the edema without the alteration of the blood 
proteins 

2 The high protein diet resulted in nitrogen retention 

3 No red blood cells were found m the urine at any time 

4 Starting with a low blood pressure and a high urinary concentration, 
as the months passed, the blood pressure rose and inability to concentrate 
progressed 

5 Anemia progressed without remission 

6 The occurrence of renal glycosuria 

7 The immediate cause of death was an mtercurrent infection 

The postmortem examination resulted m the following report Productive 
nephritis (small white kidneys) , generalized miliary tuberculosis (lungs 
spleen, liver, kidneys, suprarenals, pancreas, bladder and peritoneum) and 
tuberculosis of mediastinal glands, edema, ascites and hydrothorax There 
were numerous minor findings of no bearing on the case 

Macroscopic examination of the kidneys showed that the left kidney weighed 
60 gm The vessels were not markedly arteriosclerotic, the capsule was 
opaque, the cut surface was pale and greyish yellow, the cortex and medulla 
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were poorly marked, the cortex was very narrow, vascular markings were 
lost, the capsule was only slightly adherent, and when stripped left a moderately 
finely granular surface, studded with fine miliary tubercules The right kidney 
was small, weighing 55 gm , of regular shape , the capsule was stripped easily, 
leaving a slightly rough surface studded with fine tubercles The cut surface 
was pale, vascular markings were slightly more prominent than in the left 
kidney The cortex was narrow, and in the periphery were several fused 
small areas between radiating vessels 

In the microscopic examination of the kidneys, the sections showed very 
widespread productive lesions, changes in the glomeruli were marked and 
showed all stages of thickening of the capsule, fibrosis and atrophy of the 
tufts of connective tissue between the tubules which, however, were more 
marked in some areas, producing a slight island appearance Many of the 
tubules contained casts, hyaline, granular or cellular The epithelium lining 
the tubules showed varying stages of granular degeneration Definite scattered 
tubercles also were seen showing typical epitheloid proliferation, slight or 
early central necrosis and a very marked peripheral round celled infiltration 

A brief clinical study of this case shows conclusively that m the earl}' 
stage of the illness the patient suffered from a typical nephrosis resem- 
bling m most details that of Type 1 In the later and last stages of the 
illness, the picture changed somewhat , while still retaining some of the 
features of Type 1, there were definite evidences of clinical changes and 
blood chemistry of Type 2 In short, we have both types well and clearly 
exemplified in one patient, showing that if the patient lives long enough, 
one type of the disease will progress into the second type and the gross 
and microscopic changes in the kidneys will go hand in hand with the 
clinical progress and blood chemistry alterations W e are dealing in this 
case, then, with one disease entity, both in its early and m its latei stages, 
the kidney changes being merely evidences of a later stage of the organ 
in the progress of the illness It would seem that the condition of the 
kidney depends essentially on the supervention of the mtercurrent fatal 
infection 

SIMILARITY OF TYPES 

A eaieful clinical study of our cases leveals the following points 
of interest in all of them 

1 The edema was massive, and one may say that an early geneial 
anasarca was the rule All cases had effusion into the potential serous 
cavities 

2 Albumin m the urine was very abundant, going up to 30 gm a 
liter 

3 The specific gravity was, generall) speaking, high in the eaily 
stages, progressing to a low level as contraction of the kidney developed 

4 Blood was absent in the urine 

5 Urinary sediment was rich in casts, especially of the hyaline and 
granular varieties 

6 The output of urine was small, as a rule, always less than 
1,500 cc, sa\e when powerful diuretics were used, and even then 
seldom exceeded 2,500 c c on more than one or two occasions 
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7 Chloride in the urine were low 

8 Plasma vhlorids fluctuated according to the degree of anasarca 
present 

9 Urea and nitrogen disturbances m the blood and urine were not 
much affected when the principal feature of the disease was the nephrosis 
of Type 1 With contraction of the kidneys (Type 2), nitrogen 
retention developed 

10 Fundi were normal m early cases, but hemorrhages and retinitis 
were encountered m the later stages 

11 The early cases showed a normal or low blood pressure, while 
the late forms showed high blood pressure 

12 All our cases had few or no objective or subjective signs of 
cardiac embai rassment, nor did the postmortem examination show evi- 
dences of a failing cardiovascular system 

13 Cholesterin m the blood was increased, and neutral fat was 
present m the ascitic fluid and urine 

14 Therapeutic results were only temporarily beneficial 

Pure forms of nephrosis, the so-called textbook picture, are uncom- 
mon Combination forms, with productive or exudative changes 
superadded, are more common The combination forms usually have 
a high blood pressure, albuminuric retinitis and urea retention When 
the nephrosis is the important feature, we find that the specific gravity 
of the urme is fixed and at a higher level, and albumin is more abundant 
than one finds in the kidneys m cases of chronic nephritis or of heart 
disease In the combination forms, we find the edema very early, and 
we cannot attribute it to the defective cardiac function 

COMMENT 

Is nephrosis a renal disease entity, or is it a local manifestation of a 
general systemic disturbance ? 

It would appear that the edema has little relation to the kidneys, but 
that it depends on an altered state of capillary permeability The cause 
of this increased permeability is unknown It may be toxic or it may be 
nutritional We believe that nephrosis, as applied to the kidneys, is an 
early manifestation of a general systemic cellular degenerative process of 
unknown origin 

It is interesting, in this connection, that these patients show a 
lowered basal metabolism, which would have to be classified as a 
secondary hypothyroidism Their thyroids can manufacture thyroxin 
at a normal rate, but, due to the lack of tissue call, the thyroxin content 
of the tissues falls below normal This results in altered cellular 
nuti ltion 
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The evidence at our disposal indicates that the true nephrotic kidney 
progresses into the secondary contracted type as a result of an organiz- 
ing process of the degenerated cells, and not as a primary inflammatory 
entity 

The pathologic findings, m the different cases, vary according to the 
stage m the disease at which death occurs 



THE EXCRETION OF ORGANIC ACIDS AFTER 

PNEUMONIA 51 

S W CLAUSEN, MD 

ST LOUIS 

In this paper, it will be shown that large quantities of organic acid 
aie excreted in the urine after the crisis in pneumonia 

The patients studied langed in age fiom 16 months to 14 yeais 
Eight wei e typical lobar pneumonia patients , two had bronchopneumonia 
following influenza The total quantity of uime m twelve hours was 
collected, preserved with toluene and kept on ice until analyzed Analytic 
methods were (a) determination of total organic acids by the method 
of van Slyke and Palmer, 1 and (b) the determination of ether soluble 
acids by the following method Two cubic centimeters of urine was 
placed m a test tube, 1 gm of solid ammonium sulphate and 1 drop of 
concentrated sulphuric acid were added The ether soluble acids were 
removed in the continuous ether extractor recently described 2 Occa- 
sionally emulsions formed, and the results of analysis were liable to 
be too high No result was accepted when sulphate could be demon- 
strated in the ether extract by means of barium chlond The ether 
extracts in the Kjeldahl flasks were evaporated to a small volume and 
titrated with carbon dioxid — free twentieth normal sodium hydroxid 
The results of all analyses are expressed in terms of tenth normal acid 

Data are presented in the tables which give the patient’s weight, the 
date of onset and the duration of the pneumonic process The columns 
m the tables give date, volume of urine, acid as determined by van 
Slyke’s method, ether soluble and ether insoluble acid (determined by 
diffeience) and the maximum daily temperature It will be seen that 
the excretion of organic acid is considerably m excess of the noimal 
figuie (fiom 8 to 11 cc per kilogram a day) given by van Slyke The 
maximum excretion of organic acid occurs from one to four days 
aftei the crisis In cases of lysis (Case 10, E W), the maximum is 
not stnkingly high In certain other cases, however, the maximum is 
exceedingly high (fiom three to eight times the normal) It will be 
seen that this maximum corresponds only roughly to the period of 

■ From the department of pediatrics, Washington University School of 
Medicine, and the St Louis Children’s Hospital 

1 Van Slyke, D D , and Palmer, W W Titration of Organic Acids in 
Urine, J Biol Chem 41 567 (April) 1920 

2 Clausen, S W A Method for the Determination of Small Amounts of 
Lactic 4.cid, J Biol Chem 52 263 (Mav) 1922 
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maximum diuresis In general, the maximum excretion of ether soluble 
acids coincides with that of the ether insoluble acids It is to be noted, 
however, that ether insoluble acids comprise by far the greatest part of 
this maximum excretion Furthermore, the period of maximum excre- 
tion corresponds to the period of resolution of the pneumonic process, 
as determined clinically 

Efforts are being made to determine the nature of the ether insoluble 
acids The nature of the ether soluble acids also is as yet undetermined 
It is likely that acetone body acids make up only a small propoition of 
the total, the ferric chlorid leaction in most cases being only slightly 
positive and then only during the febrile stage 

In order to get some idea of the nature of the ether soluble acids, 
use was made of their distribution ratio between water and ether The 
ether extract from a considerable quantity of mine was titrated with 
saturated barium hydroxid , any precipitate (containing such barium 
salts as the sulphate, carbonate, phosphate or oxalate) was removed by 
filtration The filtrate was evaporated to a small volume, and reextracted 
with ether This second extraction was performed m steps, adding at 
each step one fifth of the quantity of sulphuric acid calculated to neu- 
tralize the entire amount of barium It is obvious that those acids which 
are “weaker” will be liberated first, since these are, in general, more 
readily soluble in ether, the successive fractions will represent a fairly 
good separation Each ether extract was shaken with water at 20 C , 
and the concentrations of acid m the water and m the ether were 
determined by titration with the carbonate- free twentieth normal sodium 
hydroxid The concentration in ether will, under these circumstances, 
depend only on the concentration in the water, and will be independent 
of the total quantity of water, ether or acid, and will be affected only 
slightly by small amounts of other substances Moiecner, the ratio of 
concentrations is nearly, but not quite, independent of the actual con- 
centrations By this proceduie, it is possible to demonstrate m normal 
urine and in the urine from patients with pneumonia, at least two ether 
soluble acids 


Table 1 — Ratio of Concenti ations 


Normal TJrme 

Extract 

Fxtract 

Extract 

Extract 

Extract 

Number 1 

Number 2 

Number 3 

Number 4 

Number 5 

Molar concentration in ether 

0 024 

0 0192 

0 0295 

0 0078 

0 001? 

Molar concentration m water 

0067 

0 057 

0 075 

0 053 

0 0065? 

Ratio 

0 36 

0 33 

0 16S 

0148 

015? 

Pneumonic Unne 

Molar concentration in ether 

0 015 

0 0118 

0 0126 

0 0062 


Molar concentration in water 

0 040 

0 0566 

0102 

0 049 


Ratio 

0 375 

0 208 

0124 

0126 
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Acids with distribution ratios near those found foi urinary acids in 
the concentration range m question are citric acid, with a ratio of 0 023 , 
lactic acid, with a ratio of 010, formic acid, ratio, 012, oxalic acid, 
latio, 013, betahydroxybutyric acid, 0 40, acetic acid, 047, propionic 
acid, 1 8, and n-butyric acid, 3 4 

Table 2 — Findings in Case 1 


Weight, 10 l,g , onset, Tchrunry 7, crisis, seventh day 
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Table 6 — Findings in Case 5 
V eight, i > kg onset, Eebruarj 6, crisis, fourth daj 


Date 

February 9 
February 10 
February 11 
February 12 
February 13 
February 14 


Volume 

Total 

Ether 

Soluble 

Ether 

Insoluble 

Temperature 

265 

351 

140 

as 

40 4 


340 

54 

286 

39 3 

340 

165 

35 

130 

37 8 

360 

189 

52 

137 

37 5 

460 

564 

5S 

506 

37 

360 

457 

12S 

329 

37 2 


Table 7 — Findings m Case 6 
Weight, 23 kg , onset, Febiuary 1, crisis, seventh daj 


Date 

Volume 

Total 

Ether 

Soluble 

Ether 

Insoluble 

Temperature 

February 7-8 

270 

236 

14 

222 

40 6 

February 8-9 

258 

245 

46 

199 

38 6 

February 9-10 

255 

484 

73 

413 

36 8 

February 10-11 

918 

593 

71 

522 

36 8 

February 11-12 

555 

412 

78 

334 

37 


It will be seen that the ether soluble acids in pneumonic urine may 
include formic, lactic, betahydroxybutync, acetic, and probably others 
Any oxalic acid present would have been precipitated by the barium 
hydroxid Direct determinations show the absence of am large quantity 
of lactic acid m the urine m these cases 


Table 8 — Findings in Case 7 


Weight 22 7 kg onset February 1 crisis, sixth day 


Date 

February 8 
February 9 
February 10 
February 11 
Fcbruarj, 12 

Volume 

550 

115 

310 

920 

655 

Total 

335 

213 

554 

470 

318 

Ether 

Soluble 

57 

26 

53 

114 

90 

Etber 

Insoluble 

268 

187 

501 

356 

22S 

Temperature 
37 6 

37 2 

37 4 

37 

371 


Table 9- 

— Findings m 

Case 8 



Weight, S kg , 

onset, February 22(7) 

crisis seventh da\ 



Date 

February 27 
February 28 

March 1 

March 2 

March 3 

March 4 

Volume 

225 

250 

200 

102 

210 

80 

Total 

154 

690 

634 

96 

89 

120 

Ether 

Soluble 

23 

32 

24 

12 

13 

6 

Etber 

Insoluble 

131 

55S 

610 

84 

76 

14 

Temperature 
39 2 

39 4 

38 2 

378 

37 2 

38 2 


Table 10 

— Findings in 

Case 9 



Weight 6 kg 

, onset, Februarv 20, crisis, fifth day 




Date 

February 24 
February 25 
Febraarj 26 
February 27 
February 28 
March 1 

Volume 

370 

675 

340 

400 

350 

220 

Total 

86 

390 

230 

233 

138 

153 

Ether 

Soluble 

20 

117 

45 

46 

21 

30 

Etber 

Insoluble 

663 

273 

242 

187 

117 

123 

Temperature 

40 

388 

36 4 

368 

37 8 

3S6 
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Table 11 — Findings m Case 10 


height, 30 kg , onset (0, no crisis 


Date 

Volume 

Total 

Ether 

Soluble 

Ether 

Insoluble 

Temperature 

February 25 

1,000 

498 

110 

388 

38 8 

February 26 

440 

433 

56 

376 

380 

February 27 

1,100 

477 

113 

333 

382 

February 28 

1,420 

500 

68 

432 

37 8 

March 1 

970 

372 

44 

328 

37 4 

March 2 

510 

240 

25 

216 

37 0 

March 3 

9S0 

390 

103 

287 

374 

March 4 

550 

330 

55 

275 

37 2 


CONCLUSIONS 

1 Large quantities of organic acids aie excreted in the urine after 
pneumonia 

2 The period of maximum excretion corresponds to the period of 
resolution 

3 The larger part of the organic acids excreted during resolution 
in pneumonia is insoluble m ether 


THE ALKALINE TIDE IN ACHLORHYDRIA * 
ROGER S HUBBARD, PhD 

AND 

SAMUEL A MUNFORD, MD 

CLIFTON SPRINGS, N V 

It has been generally believed that the changes m the reaction of 
urine which occur after a meal are due to the secretion of hydrochloric 
acid by the stomach and its subsequent reabsorption m the intestines 
This view has been opposed by Hasselbalch 1 and by Leathes, 2 but has 
been supported by the more recent work of Campbell 8 and Fiske 4 
The earlier literature has been reviewed in these articles, in an article 
by us, 5 and in a discussion of the acid-base balance by Wilson , 0 there- 
fore, it does not seem necessary to discuss it again at this time 

The method of fractional gastric analysis proposed by Rehfuss, Ber- 
geim and Hawk, 7 m 1914, has recently been subjected to criticism 
Gorham, 8 m 1921, first showed that there were marked differences m the 
acid content of samples of gastric juice obtained from different parts 
of the stomach, and questioned whether this should not make the clinical 
interpretation of the results doubtful Considerable literature, for the 
most part confirmatory of his results, has appeared since his publication, 
and although Rehfuss 9 has called attention to the fact that the method 

' From the Clifton Springs Sanitarium and Clinic 

< A preliminary report of a part of this work was read before the American 
Society of Gastro-Enterology, May 6, 1924 

1 Hasselbalch, K A Neutralitatsregulation und Reizbarkeit des Atemzen- 
trums in lhren Wirkungen auf die Kohlensaurespannung des Blutes, Biochem 
Ztschr 46 403, 1912, Ammoniak als physiologischer Neutrahtatsregulator, Bio- 
chem Ztschr 74 18, 1916 

2 Leathes, J B Renal Efficiency Tests in Nephritis and the Reaction of 
the Urine, Brit M J 2 165 (Aug 9) 1919 

3 Campbell, J A Ammonia Excretion, Ammo-Acid Excretion, and the 
Alkaline Tide in Singapore, Biochem J 14 603, 1920 

4 Fiske, C H Observations on the “Alkaline Tide” After Meals, J Biol 
Chem 49 163 (Nov) 1921 

5 Hubbard, R S , and Munford, S A The Excretion of Acid and 
Ammonia, J Biol Chem 54 465 (Oct ) 1922 

6 Wilson, D W Neutrality Regulation in the Body, Physiol Rev 3 295 
(July) 1923 

7 Rehfuss, M E , Bergeim, 0 , and Hawk, P B Gastro-Intestinal Studies, 
II, The Fractional Study of Gastric Digestion with a Description of Normal and 
Pathologic Curves, JAMA 63 909 (Sept 12) 1914 

8 Gorham, F D Variations of Acid Concentration m Different Parts of 
the Gastric Chyme and Its Relation to Clinical Methods of Gastric Analysis, 
Arch Int Med 27 434 (April) 1921 

9 Rehfuss, M E Diagnosis of Gastric Disease, Ann Clin Med 2 55 
( Juh ) 1923 
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has been used with general success in clinical work, and that this pro\ es 
its value, still the bulk of the evidence tends to show that the results in 
any given case may be open to considerable suspicion 10 It has seemed 
worth while to tiy to find some method for the study of gastric secre- 
tion by which gastric analyses in doubtful cases might be confirmed 
If a method can be found which will agree, even approximately, with 
the fractional analysis, it should be useful, not only for this purpose, 
but also for getting information in cases in which gastric analyses cannot 
be obtained With this end in view, a study of the alkaline tide in urine 
was undertaken 

In an eailier paper from this clinic , 11 it was found that the alkaline 
tides showed variations after meals containing different kinds of food- 
stuffs similar to those which can be demonstrated in the acidity of the 
gastric juice, and that m seven cases without hydrochloric acid m 
the stomach the tide was either absent or markedly decreased These 
facts seemed to warrant further study of the method with a view of 
applying it as an aid m diagnosis The present paper has been devoted 
to collecting data on patients with and without acid in the gastric juice, 
for it is on material of this kind that clinical applications of the test 
must be based 

A study ivas made of patients on A\diom the results of gastric anal>ses 
by the method of Rehfuss, Bergenn and Hawk 7 were available No 
attempt was made to select patients, except that more pains were taken to 
secure urines from those in whom an achlorhjdria or a very marked 
hypochlorhydria Avas found than from others, for results previoush 
obtained 11 made it seem probable that the method might serve to pick 
out cases of this kind, but that it Avould not be delicate enough to dif- 
ferentiate cases Avith hyperchlorhydria from others Since it Avas 
intended to apply the results to the study of clinical pioblems, it seemed 
best to carry out the tests in as nearly a routine manner as was possible 
No attempt Avas made to secure duplicate determinations, for it is more 
important to knoAv Avhat reliance can be placed on the result of a single 
test than to knoiv Iioav good agreement can be shoAvn under especiall) 
favorable conditions Furthermore, it did not seem proper to repeat 
determinations Avhich Aveie probably open to suspicion, Avhen it was not 
possible to repeat all The gastric and urine tests were not carried out 
simultaneously, because the test Avas intended to be used in some cases 
in AAduch gastric studies could not be obtained, and it is by no means 
improbable that the removal of part of the stomach contents affects the 

10 Friedemvald, J G, Gantt, N H, and Morrison, T H Studies in 
Fractional Analysis, Ann Clin Med 2 292 (March) 1924 

11 Hubbard, R S , Munford, S A, and Allen, E G Gastric Secretion 
and the “Alkaline Tide” m Urine, Am J Ph\siol 68 207 (April) 1924 
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rate of reabsorption of acid in the intestine and its subsequent excretion 
in the urine 

Since it has been shown that the foods eaten m the meal influence 
the form of the alkaline tide, it is necessary to select a standard break- 
fast The one used consisted of two slices of toast, an egg, a pat of 
butter, a glass of milk and a glass of watei Nothing else was taken 
during the test, foi it has been shown that a secretion of acid is brought 
about simply by drinking water 12 This breakfast was the one called 
the “standard” m the previous work It caused the development of a 
less marked tide than did those high in protein, and of a more marked 
one than did breakfasts which consisted almost entirely of carbohydrate 
Each patient began the test at 7 o’clock in the morning by emptying the 
bladder Hourly specimens were then collected until 12 or 1 o’clock 
Breakfast was given from 8 15 to 8 45 There were available for study 
a specimen collected before breakfast, one which corresponded to the 


Table 1 — Aveiage Values 




Hydrochloric Acid 

Hydrochloric Acid 

Hydro- 




Present 


Absent chloric Acid 


Normal 


A 



Low 

Studied 

Pit 7 0 

All 

Pn 7 0 

All 

pn 7 0 

pa 7 0 

Number of determimtions 

S 

45 

35 

18 

16 

6 

Number of patients 

3 

45 

35 

18 

16 

6 

Number of women 

0 

33 

25 

n 

10 

4 

Time 

Pn 

pa 

pn 

Pn 

pn 

Pn 

1 hour before meal 

57 

64 

60 

65 

62 

64 

1 hour at meal time 

60 

65 

61 

63 

62 

55 

1 hour after meal 

67 

63 

60 

59 

57 

54 

2 hours after meal 

69 

68 

65 

60 

68 

56 

3 hours after meal 

64 

68 

66 

59 

57 

54 

4 hours after meal 

57 

60 

55 

58 

57 

54 


time at which the meal was eaten, and three oi four obtained later The 
hydrogen ion concenti ation of each was detei mined, as soon as possible 
aftei it was obtained, by a colorimetric method approximately the same 
as that described by Marshall, 13 with standards prepared from a buffer 
solution described by Acree and his co-workers 14 Specimens were not 
collected duectly m narrow cylinders, as recommended by Marshall, 
each was collected in the usual way and sent to the laboratoiy m a quart 
jar under toluene 

Table 1 shows the averages of all the results obtained The normal 
subjects were thiee men laboratory workers in whose gastric contents 


12 Bergeim, O , Rehfuss, M E , and Hawk, P B Gastro-Intestmal Studies 
III (Studies of Water Drinking, XXI), Direct Demonstration of the Stimu- 
latorv Power of Water in the Human Stomach, J Biol Chem 19 345, 1914 

13 Marshall, E K, Jr The Effect of Loss of Carbon Dioxid on the 
Hjdrogen Ion Concentration of Urine, J Biol Chem 51 3 (March) 1922 

14 Acree, S F , Mellon, R R , Avery, P M , and Slagel, E A A Single 
Stable Buffer Solution, J Infect Dis 29 7 (July) 1921 



HUB BARD-MUD FORD — ALKALINE TIDE 


579 


h) drochloric acid had been demonstrated, and the others were patients 
from the clinic Four of the determinations on the noimal subjects were 
included in an article previously published 11 It has seemed best, since 
Marshall 13 has shown that the results of hydrogen ion determinations 
on urine specimens which are alkaline are open to question, and since a 
considerable number of the subjects excreted urines which were alkaline 
or nearly alkaline throughout the test, to show not only the results from 
all cases but also those from cases in which the average p-n was less than 
7 0 The table also includes a few experiments on subjects with verj 
little acid in the gastric juice 



A (solid line, hollow dot), normal, eight determinations, three subjects, 
B (broken line, hollow dot), hydrochloric acid present, thirty-five determinations, 
C (broken line, solid dot), hydrochloric acid absent, sixteen determinations , 
D (solid line, solid dot), hydrochloric acid low, six determinations 

The results from subjects who did not excrete a very alkaline urine 
aie given in the accompanying chait The noimal controls and patients 
in whose gastric juice acid was found showed typical alkaline tides , that 
is, the specimens collected m the middle of the morning were more 
alkaline than were those collected before or during the meal, and the 
leaction of the last specimen was more acid than were those of specimens 
collected earlier No such tides were shov n by the average figures from 
patients with achlorhydria oi with very little acid m the stomach These 
a\ erages conform with the theory that the secietion of the gastric juice 
is the cause of the alkaline tide, as do results of similar alveolar air 
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studies by Bennett and Dodds 15 They suggest that such urine studies 
may be of use in distinguishing cases with little or no acid in the gastric 
juice from those m which more acid is secreted 

In Table 2, detailed data of all patients secreting little or no hydro- 
chlonc acid are given Only those cases have been included in which 
the amount of acid was so small, or the length of time when the acid 
was present was so short, that it was practically impossible that the 
secretion and reabsorption of it could have had any effect on the excre- 
tion of acid in the urine In one of these six cases, a definite tide ivas 
present, but in the others there was none found, as would be expected 
from the gastric analyses The percentage of cases in which the two 
tests agieed is the same as that found in the series as a whole, as will 


Table 2 — Results of Studies on Patients with Very Little Hydi ochlonc Acid 



Results of Gastric Analyses 





Oe 

Tenth Normal Hidrochlonc leid in 100 C c 




Gastric Contents 



Time 

Case 1 

Case 2 

Case 3 

Case 4 

Case 5 

Case 6 

Residuum 

0 

0 

0 

0 

6 

5 

30 minutes after meal 

2 5 

0 

0 

0 

0 

21 

45 minutes after meal 

10 

0 

0 

0 

0 

11 

1 hour after meal 

05 

0 

0 

10 

0 

0 

1 hour 15 minutes after meal 

0 

3 


26 

0 


l hour 45 minutes after me il 

0 

0 

0 

0 

0 


2 hours 15 minutes after meal 

0 


0 

0 

s 


2 hours 45 minutes after me U 





0 



Alkaline Tide Studies 





Hidrogen Ion Concenti ltion of Urine Specimens 

lime 

Ph 

pa 

Pll 

J)u 

pa 

Jill 

Befoie meal 

68 

56 

7 0 


7 0 

65 

At meal time 

4 9 

53 

5 8 

56 

7 7 

59 

1 hour after meal 

4 9 

53 

52 


53 

63 

2 hours after meal 

4 9 

5 4 

6 S 

50 

53 

63 

3 hours after meal 

50 

52 


4 9 

50 


4 hours after me il 


54 

G 5 

4 S 

4 S 



be shown here The table shows that the absence of a tide is not diag- 
nostic of a condition of achlorhydria, but it does confirm the impression 
that the gastric secretion is the cause of the alkaline tide 

The eight determinations on three normal subjects are given in 
lable 3 There were rather marked differences m the cuives obtained 
fiom the same subject at different times, but the general form of each 
was similar to that of the average of the normal values In the experi- 
ment m which the reaction of the first specimen was least acid, that on 
Case 1 m Table 3, July 10, although the differences m reaction between 
it and subsequent specimens were diminished, the general form of the 
curie lesembled the others It seems to the authors that such a find- 


Jj? Bennett, T I, and Dodds, E C The Gastric and Respiratory Response 
to Meals, Brit J Exper Path 2 58 (April) 1921 
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mg should not be unexpected when the acidity of the first specimen 
is low The fact that other studies on this case showed unmistakable 
tides suggests that, if the reaction of the first specimen in a test is not 
veiy acid, it may be worth while to lepeat the test to see whether lesults 
which aie more easily mterpieted can be obtained 

If the results are to be used in diffei entiatmg cases with little or no 
hydrochloric acid from those m which acid is present, it is desnable that 
a definition of what changes in reaction constitute a tide shall be gnen 
It has not been found possible to do this m an entirely satisfactor) 
mannei Two factors must be considered m judging each case One 
is the difteience in the reactions of different specimens, and the other 
is the lelationship which the reactions of different specimens bear to 
each other Sometimes the diffei ences m reaction are small, but the 
relationship between the values shows that a tide is present A good 
illustration of this is the experiment on Case 1, Tuly 10, recorded m 
Table 3 Sometimes theie may be a great difteience between the 


T \bli 3 — Alkaline Tide Detci imitations on Nounal Subjects 




Case 1 

... 


Case 2 

Case 3 

1 ime 

' 7/0/23 

7/10/23 

7/12/23 

4/ 10/24 

6/27/23 

7/5/23' 

12/21/23 1/17/24 


PlI 

Pll 

V 11 

Pll 

Pll 

Pll 

Pll 

p ii 

1 hour before meal 

5 4 

GO 

57 

56 

55 

55 

50 

5 7 

1 hour at menl time 

i 0 

G9 

5 8 

57 

62 

50 

0 8 

0 1 

1 hour after meal 

C 2 

0 9 

G5 

60 

74 

60 

0 9 

63 

2 horns after meal 

(i 0 

72 

G 7 

GO 

74 

69 

71 

70 

3 hours aftei meal 

5 8 

65 

06 

57 

70 

07 

59 

GS 

4 hours after me U 

oS 

0 0 

57 


G 3 

64 

5 4 

61 


leactions of two specimens, and yet a study of the cuive as a whole 
shows almost certainly that no tide is present An example of such 
a result is shown m the second case in Table 4 In general, each test 
must be judged more or less on its own merits, and, if doubt is 
entertained about the meaning of the results, a duplicate study should 
be sought In spite of these objections, we have formulated a definition 
as a basis foi discussing the results This definition, with some of the 
reasons which have influenced us m using it, is given below 

It has been shown, by Leathes, 2 by Collip and Backus 10 and by 
Grant and Goldman, 17 that a marked increase in the late of respiration 
causes the excietion of an alkaline urine Care was taken to prevent 
the occurrence of errors from this source, but as the effect of moderate 
changes of the respiratory late cannot be determined, it has seemed 

16 Collip J B and Backus, P L The Effect of Prolonged Hyperpnea on 
the Carbon Dioxid Combining Power of the Plasma, the Carbon Dioxid Tension 
of the Alveolar Air and the Excretion of Acid and Basic Phosphate and 
Ammonia by the Kidney, Am J Physiol 51 568 (April) 1920 

T7 Grant, S B , and Goldman A A Study of Forced Respiration , Experi- 
mental Production of Tetam Am J Physiol 52 209 (June) 1920 
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best not to accept small changes m reaction shown by one specimen as 
indicating the presence of a tide Another difficulty arises from the 
form of the curves observed m a number of instances In the normal 
subjects, the reactions of the second, third, fourth and fifth specimens 
were more alkaline than was that of the first one In many studies on 
patients, the findings were similai , but in some, the curves were like that 
shown by Case 6 in Table 2 There was a low degree of acidity m the 
specimen obtained before breakfast, a more acid reaction in the one 
collected at breakfast time, and a definite tide later, with values veiy 
little, if any, more alkaline than were those of the first specimen It is 
possible that the secretion of acid by the stomach is responsible for this, 
for the presence of hydrochloric acid in the fasting contents, lower 
acid concentrations during the hour following the meal, and more acid 


Table 4 — Cases with Achloi hydtia ]VInch Showed an Alkaline Tide 



Results of Gastric Analyses 

O c Tenth Normal Total Acid m 100 0 c 

Time 

Case 1 

Case 2 Case 3 

Residuum 

10 

4 

4 

30 minutes after meal 

S 

3 

6 

45 minutes after meal 

11 

5 

7 

1 hour after meal 

15 

8 

7 

1 hour 15 minutes after meal 

16 

15 

9 

1 hour 45 minutes after meal 

13 

18 

6 

2 hours 15 minutes after meal 

13 

14 


Time 

•\lkaline Tide Studies 

Hydrogen Ion Concentrations 

PH Pll 

pis 

Before meal 

60 

84 

56 

At meal time 

66 

7 9 

64 

1 hour after meal 

58 

54 

56 

2 hours after meal 

60 

7 1 

65 

3 hours after meal 

69 

57 

66 

4 hours after meal 

70 

49 

67 


' allies later were not infrequent findings, the gastric cune of Case 6 
m Table 5 maj serve as an example of such determinations Leathes," 
however, has claimed that there is a retention of carbon dioxid during the 
night and a loss of that compound immediately after rising because of 
the increased activity of the subject and the consequent increase in the 
rate of ventilation This increased rate of ventilation causes a tendency 
toward the secretion of an alkaline urine, just as did the expenments 
on hyperpnea already mentioned It seems possible that such a process 
of readjustment as this might account for the low acidity of the first 
specimen with a subsequent excretion of a more strongly acid urine 
sometimes observed Whatever is the cause of these variations in the 
fiist two hours of the test, the fact that they occur makes it seem 
madiTsable to consider the reaction of the specimen collected before 
bieak fast as the only one with which those of later specimens is 
compared 
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The criteria finally adopted for determining whether or not theie 
was a tide m a given case were as follows If any specimen was more 
alkaline than one collected earliei m the test by 1 p n 01 moie, or if any 
two were more alkaline by 0 5 p n , we considered that a tide was present 
The application of this can be seen in Table 4 The fourth specimen 
in the second case was more alkaline than the third by 1 7 pn, and in the 
third case the fourth and fifth specimens were more alkaline than were 
the first and third by more than 0 5 pn Therefore, we considei that a 
tide was present in both of these cases 

When the cases were judged by the test proposed, it was found that 
the presence and absence of a tide agreed with the results of the frac- 

TABLr 5 — Caiei with Hydi ochlonc Acid, in the Gastnc Juice Which Showed No 

Ailkahne Tide 


Results oi Gastric Analysts 



Ce 

Tenth Normal Hydrochloric Acid in 100 0 c 




Gnstrle Contents 



Time 

Case 1 

OnseS 

Case 3 

Case 4 Case 5 Case 6 

Cnse 

Residuum 

0 

20 

19 

25 

0 

19 

0 

10 minutes after meal 

0 

10 

21 

62 

0 

23 

33 

45 minutes after meal 

16 

25 

38 

45 

22 

0 

48 

1 hour after meal 

26 

31 

40 

39 

44 

0 

49 

l hour 15 minutes after meal 

29 

35 

42 

52 

22 

7 

62 

1 hour 45 minutes after meal 

20 

35 

50 

45 


30 

16 

2 hours 15 minutes after meal 


24 




16 


2 hours 45 minutes after meal 






25 


3 hours 15 minutes after meal 






30 



Ai haunt Tide Studits 






Hydrogen Ion Conccntintion of Urine 

A .. . 

Specimens 

Time 

pn 

70i 

Pn 

pn 

Pn 

pn 

pn 

Before meal 

59 

52 

57 

61 

67 

50 

53 

At meal time 

5 S 

50 

55 

62 

62 

53 

58 

1 hour after meal 

51 

52 

53 

57 

57 

52 

55 

2 hours alter meal 

52 

51 

50 

58 

58 

55 

53 

3 hours after meal 

5 8 

49 

54 

63 

56 

53 

52 

4 hours after meal 

54 

4 9 

55 

59 

52 


53 


tional gastric analyses in 80 pei cent of them Table 4 gives detailed 
results on the gastric and tide tests m the cases of achlorhydria which 
showed a tide, and Table 5 gives similar data on the cases when hydio- 
chloric acid was piesent but which failed to show one In some of the 
cases included, the general impression given by the findings does not 
agiee with the decision based on an arbitrary application of our stand- 
aid, if such results had been met with m tests earned out for diagnostic 
pin poses, we should have tried to secure another test as a check on them 
Another factor which may have produced discrepancies is the variations 
m the results of the determinations which occur from day to day It 
has been shown in the present paper that this is true of the alkaline 
tide tests, and the same thing has been shown to apply to gastric analyses 
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also 18 Repeated determinations of gastnc analyses and urine studies 
would have helped in eliminating such sources of error, hut, as already 
stated, it did not seem best to make them It has seemed better to 
accept a discrepancy of 20 per cent between the results of the two tests 
rather than to press explanations of the failures 

Another factor which may sometimes affect the results remains to 
be discussed It is not certain what effect damage to the kidneys ma> 
have on the alkaline tide 2 The literature dealing with the effect of 
nephritis on the reaction of the urine has recently been reviewed by 
Rabinowitch 19 and by Stieglitz 20 It has been shown by them, and by 
the authors whom they cited, that nephritis does influence the excretion 
of acid It does not seem unlikely that the differences between the 
reactions of different specimens would also be influenced by kidney 
damage It seems piobable to the authors that the effect would be to 
decrease these differences No direct evidence on this point was 
obtained, for no patients with severe nephritis were studied We have 
found normal rates of the excretion of phenolsulphonephthalem m some 
of the cases of achlorhydria in which a tide was absent, and have 
occasionally observed considerable differences in the reactions of differ- 
ent specimens of uime from nephritic patients In spite of these 
observations, a possible effect of kidney disease on the alkaline tide 
should be kept m mind m interpreting results 

Variations m the reaction of the urine have been compaied with the 
results of fractional gastric analyses The aveiage values showed that 
definite changes m the leaction of the urine, commonly known as the 
alkaline tide, were present in specimens from patients who secreted more 
than minimal amounts of hydrochloric acid m the gastric juice, but that 
no such changes were found when the stomach contents contained little 
or no acid A method for determining whether or not a tide is present 
in a given case has been proposed, and it has been shown that, as judged 
by it, the presence or absence of a tide agreed with the results of frac- 
tional gastric analysis m about 80 per cent of the cases studied The 
presence or absence of the tide cannot be taken as the final proof of the 
presence or absence of hydrochloric acid m the stomach, because the 
lesults of the two analyses do not agree perfectly, because an absence 
of the tide can be demonstrated in cases m which acid is present m 
greatly reduced amounts, and because the urine acidity is influenced by 

I R > an( l MacAdam, W The Variations in Gastric Secretion of 
the Normal Individual, Am J M Sc 1G7 520 (April) 1924 Fnedemvald, 
Gantt and Morrison (Footnote 10) 

. Rabinowitch, I M The Origin of Urinary Ammonia, second paper, 
Arch Int Med 33 394 (March) 1924 

20 Stieglitz, E J Histologic Hydrogen Ion Studies of the Kidney, Arch 
Int Med 33 483 (April) 1924 
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some factors, such as changes in the respiratory rate and, possibly, 
kidney damage, which are not connected with the gastric secietion The 
method should prove useful in studying gastric cases on which direct 
analyses cannot be obtained, and in checking results showing low con- 
centrations of acid m the gastric juice, for the agreement between the 
two methods is good if not perfect, and the factors which influence the 
reaction of the urine are very different from those which sometimes 
render the values obtained m fractional gastric analysis uncertain 



SIMULTANEOUS DETERMINATIONS OF GASTRIC 
ACIDITY AND THE ALKALINE TIDE 
IN URINE * 

ROGER S HUBBARD, PhD, and ELLERY G ALLEN, AB 

CLIFTON SPRINGS, N V 

In the pi eceding paper, it has been shown that an alkaline tide can be 
demonstrated in most cases m which hydrochloi ic acid is secreted by the 
stomach, but is not present in cases of achlorhydna or m subjects who 
secrete very little acid The present paper is a brief report of a few 
experiments made to deteinune how much acid the stomach must secrete 
to cause the changes in the urine 

In the experiments reported m the pi eceding article, gastric analyses 
and alkaline tide determinations were not made simultaneously There 
aie obvious objections to comparing duectly results so obtained In 
some cases, the gastric curves found on the same subject resemble each 
othei closely , 1 in others, this is not true 2 In some instances, variations 
in the acidity m different parts of the stomach 3 may account foi the 
findings, foi the tube may rest m different parts of the organ, but 
even when the gastric juice is thoroughly mixed before the specimens 
aie taken marked variations m the curves are sometimes, though rareh 
found 4 It seems probable that nausea and psychic states, such as feai 
and lage, which have an influence on the gastric secretion of man , 5 6 maj 
sometimes cause the discrepancies 

In cariying out simultaneous determinations, other difficulties were 
encounteied which rendered the interpretation of the results uncertain 
It has been shown m an earlier article 0 that tides ai e sometimes practi- 
cally absent after meals high m caiboliydrate , to study these changes 


1 From the Clifton Springs Sanitarium and Clmic 

1 Bennett, T I , and Ryle, J A Studies on Gastric Secretion, V, A 
Study of Normal Gastric Secretion Based on the Investigation of One Hundred 
Healthy Men by Means of the Fractional Method of Gastric Analysis, Guy’s 
Hosp Rep 71 286 (July) 1921 

2 Bell, J R, and MacAdam, W The Variations m Gastric Secretion 
of the Normal Individual, Am J M Sc 167 520 (April) 1924 

3 Gorham, F D Variations of Acid Concentration in Different Parts 
of the Gastric Chyme and Its Relation to Clinical Methods of Gastric Analj'sis, 
Arch Int Med 27 434 (April) 1921 

4 Friedemvald, J G , Gantt, N H , and Morrison, T H Studies m 
Fractional Analysis, Ann Clin Med 2 292 (March) 1924 

5 Ryle, G A Studies m Gastric Secretion IV, Some Individual Experi- 
ments with the Gastric Tube, Guy’s Hosp Rep 71 158 (April) 1921 Bennett, 
T I, and Venables, J F The Effect of the Emotions on Gastric Secretion 
and Motihtv in the Human Being, Brit M J 2 662 (Oct 30) 1920 

6 Hubbard, R S , Munford, S A , and Allen, E G Gastric Secretion and 
the “Alkaline Tide" in Urine, Am J Physiol 68 207 (April) 1924 
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m the reaction of mine, it is therefore necessary to use meals containing 
vanous foodstuffs Such meals often give cuives, when fractional 
analyses are carried out, which are difficult to interpiet If an attempt 
is made to find out how much acid is needed to cause a change in the 
1 eaction of the urine, it is necessary to know not only the concentration 
of acid m the gastric juice but also how much of it is formed in a given 
tune This cannot be determined without removing the entire gastnc 
contents at fiequent intervals Such a procedure would make a study of 
the changes in the reaction of the mine meaningless, for the acid would 
not be leabsoibed in the intestinal tract, and no tide which even appioxi- 
mated those noimally present could be obtained It is even unceitam 
whethei tides found when small specimens are withdrawn can properly 


Table 1 — Bi eakfasts 


Name 

Sign 

PoodstulTs 

Foods Grams 

Gnstilc test meal 

T 

2 slices of bread sooted in water 

Carbohydrate 

33 




Protein 

0 

High protein 

P 

100 gm cottage cheese, 105 gm steak, 

Carbohydrate 

4 



albumin of 5 boiled eggs, 228 c c of 

Protein 

03 



water 

Pat 

13 

Standard 

S 

00 gm toast, 13 gm butter, 50 gm 

Carbohydrate 

42 



egg, 200 C c milk, 200 c c water 

Protein 

10 




Pat 

20 

High caiboin dratc 1 

C 1 

110 gm pitted dates, 25 gm shredded 

Carbohydrate 

100 



wheat, 7 gm sugar, 356 c c water 

Protein 

4 




Fat 

3 

lilt'll eurbolijdrate 2 

0 2 

88 gm pitted dates, 25 gm shredded 

Carbohydrate 

73 



wheat, 5 gm sugir, 408 c c water 

Protein 

3 




Pat 

3 

High tarbolij dratc 3 

C 3 

25 gm shredded wheat, 24 gm sugar, 

Carbohydrate 

75 



GO gm bread, 250 e c water 

Protein 

9 




Fat 

1 

High caibohj dratc 4 

C 4 

25 gm shredded wheat, 103 gm stewed 

Carbohydrate 

50 



prunes, 3 gm sugar, 430 cc water 

Protein 

4 




Pat 

05 


be considered noimal In spite of these objections to the interpretation 
of lesults, it has seemed woith while to carry tlnough a few experiments 
to show appi oxnnately what concentration of acid corresponds with the 
piesence of a tide 

In these experiments, a Rehfuss tube was passed, and a specimen of 
gastnc lesiduum remoi ed Different meals were fed, and specimens 
withdiawn a< mteivals of half an hour throughout the expeiiment 7 The 
alkaline tide was determined by the method described in the preceding 
article The meals used, with the abbreviations by which they have been 
designated in the discussion, are given in Table 1 

7 Rehfuss, ME A New Method of Gastnc Testing, with a Description 
of a Method for the Fractional Testing of the Gastric Juice, Am J M Sc 
147 848, 1914 Rehfuss, M E , Bergeim, O , and Hawk, P B Gastrointestinal 
Studies, II, The Fractional Study of the Gastric Juice with a Description of 
Normal and Pathologic Curies, J A M A 63 909, 1914 
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In Table 2, all the gastric analyses obtained on one of us, E G A . a 
normal man doing light laboratoiy work, are given After the test 
meal, the lelationship between the hydrochloric acid and total acid was 
noimal, but when other breakfasts were fed, the total acid concentia- 
tion was very high compared with the amount of hydrochloric acid 
present The difference was most marked when the breakfasts con- 
tained large amounts of carbohydrate This finding may be due to a 
partial neutralization of hydrochloric acid by the pioducts of digestion, 
to the presence of acid products formed fiom the food m the course 


Table 2 — Gastuc Analyses on Noimal Subject , EGA , Aftei Diffeient Meals 



T 

A 


s 

-A 


P 


Cl 



C 3 

A 

C 4 

A 


Hydro 


Hydro 

’ 

Hydro 

' 

Hydro 


Hydro- 


Hydro 



chloric 


chloric 


chloric 


chloric 


chloric 


chloric 


Meal 

Acid, 

Total, 

Acid, 

Total, 

Acid, 

Total, 

Acid, 

Total, 

Acid, 

Total, 

Acid, 

Total, 

Time 

Oc 

Cc 

Oc 

Oc 

Oc 

Cc 

Cc 

C c 

Cc 

Cc 

Cc 

Cc 

Residuum 0 

13 

0 

0 

0 

11 

0 

23 

0 

8 

30 

72 

After 













0 20 





0 

53 







0 30 

6 

18 

0 

42 

0 

SO 

0 

88 

3 

21 

Trace 

61 

1 00 

20 

53 

3 

81 

Trace 

55 

0 

no 

5 

31 

0 

80 

1 30 

36 

54 

23 

87 

17 

91 

0 

71 

21 

50 

14 

69 

2 00 

35 

51 

22 

91 

30 

68 

18 

78 

30 

54 

24 

(.8 

2 30 



38 

93 

58 

102 

0 

36 

15 

34 

39 

64 

3 00 



55 

95 

60 

127 

0 

12 

11 

26 

32 

48 

3 30 



69 

91 

70 

130 

0 

7 

30 

46 

Trace 

48 

4 00 



50 

08 

60 

87 



6 

8 



4 SO 



0 

12 

41 

67 







5 00 





35 

62 








Table 3 — Gastuc Analyses on Patient with Hypochloihydna 


T s 

/ * V ■ 

Hydrochloric Total, Hjdrochloric Total, 


Meal 

Acid C c 

Cc 

Acid, C c 

C c 

Residuum 

None obtained 

00 

50 

After meal 0 30 

00 

4 0 



0 45 

00 

60 



1 OO 

00 

70 

00 

34 0 

1 15 

20 

20 0 



1 30 



00 

27 0 

1 45 

12 0 

32 0 



2 00 



00 

23 0 

2 15 

13 0 

32 0 



2 30 



00 

30 0 

2 45 

Trace 

15 0 



3 00 



00 

40 0 

3 30 



00 

28 0 


ot digestion, or to both causes In Table 3, results on anothei subject 
are given which make it seem piobable that these increases m total acid 
are due m part at least to the neutralization of hydiochlouc acid, for an 
achlorhydria was found when the standard breakfast was fed, while after 
the gastuc test meal hydrochloric acid was present, although only m small 
amounts It this explanation is correct it is not possible to determine 
m a satisfactory manner the relationship between the concentration of 
acid m the gastric secretion and the alkaline tide, for a secretion of hydro- 
chlonc acid by the stomach, whether it is or is not neutiahzed must 
cause the changes m the blood which produce the alkaline tide s 

S Bennett, T I, and Dodds, E C The Gastric and Respiratory Response 
to Meals, Brit J Exper Path 2 58 (April) 1921 
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Table 4 — Results on Subject, EGA 


Fractional Gastric Analjsis 


Alkaline Tide 


Time, 

Tenth "Normal per ICO C c 

Hour, 

Reaction 

A M 

Oc 

Cc 

A M 

pn 




7 20- 8 20 

56 

9 20 (residuum) 

00 

13 0 

8 20- 9 20 

56 

10 05 

00 

18 0 






9 20-10 20 

58 

10 50 

20 0 

53 0 * 



11 10 

36 0 

54 0 






10 20-11 20 

57 

11 45 

35 0 

51 0 






11 20-12 20 

58 




7 OO- 8 OO 

57 

8 35 (residuum) 

00 

00 






8 00- 9 00 

58 

9 05 

00 

42 0 



9 35 

30 

81 0 






9 00-10 OO 

64 

10 05 

23 0 

87 0 



10 35 

22 0 

910 






10 00-11 00 

65 

11 05 

38 0 

93 0 



11 35 

55 0 

95 0 






11 00-12 00 

60 

12 05 

69 0 

910 



12 35 

56 0 

08 0 






12 00- 1 OO 

56 




7 30- 8 30 

57 

8 50 (residuum) 

00 

11 0 



9 10 

00 

53 0 



9 20 

00 

80 0 






8 30- 9 30 

57 

9 50 

Trace 

55 0 



10 20 

17 0 

910 






9 30-10 30 

6 6 

10 50 

30 0 

6S0 



11 20 

5S0 

102 0 






10 30-11 30 

7 0 

11 50 

COO 

127 0 



12 20 

70 0 

130 0 






11 30-12 30 

6 5 

12 50 

000 

87 0 



1 20 

410 

67 0 






12 30- 1 30 

5 4 

1 50 

35 0 

62 0 






1 30- 2 OO 

50 

8 40 (residuum) 

30 0 

72 0 

7 45- 8 20 

5 5 

9 10 

Trace 

61 0 






8 20- 9 20 

56 

9 45 

00 

800 



10 10 

14 0 

69 0 






9 20-10 20 

5 8 

10 40 

24 0 

OS 0 



11 10 

39 0 

64 0 






10 20-11 20 

G 5 

11 40 

32 0 

48 0 



12 10 

Trace 

48 0 






11 20-12 20 

5 0 

8 25 (residuum) 

00 

80 

7 00- 8 10 

57 




8 10- 9 10 

5 8 

9 15 

30 

210 



9 45 

50 

31 0 






9 10-10 10 

G 4 

10 15 

210 

50 0 



10 45 

30 0 

54 0 






10 10-11 10 

6 5 

11 15 

15 0 

34 0 



11 45 

11 0 

20 0 



12 15 

30 0 

46 0 

11 10-12 10 

GO 

12 45 

00 

80 






12 10- 1 10 

5 G 
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Table 4 — Results on Subject, E G A — (Continued) 


Fractional Gastric Analysis 


Alkaline Tide 


Meal 

01 



Hi drochloric Acid 

Total 

> — 

Reaction, 

Time, 

Tenth Normal per 100 O c 

Hour, 

A M 

Oc 

O C 

A M 

p a 




7 30- S 30 

o 4 

S 40 (residuum) 

00 

230 



9 10 

00 

880 

8 30- 9 30 

5 4 

9 40 

00 

110 0 



10 10 

00 

710 

9 30-10 30 

53 

10 40 

18 0 

78 0 



11 10 

00 

36 0 

10 30-11 30 

50 

11 40 

00 

12 0 



12 05 

00 

70 

11 30-12 30 

5 2 


The meals ueie fed immediatelj after the residual specimens tieie obtained 


In Table 4, the results of simultaneous studies on the urine and 
gastric contents of subject E G A are given In the alkaline tides from 
him, when the tube was not in the stomach, as have been previouslv 
described, 15 it was found that the intensity of the tide varied with the 
meals fed m much the same manner as did the secretion of hydrochloric 
acid after similar meals reported by others 9 The results reported here 
conform to the figures previously obtained The meal highest in protein 
caused the highest secretion of acid in the gastric juice and the most 
marked tide found in any of the experiments A similar meal caused 
the most marked tide in the previous study The meal highest in cai bo- 
hydrate was followed by a secretion of very small amounts of acid and 
no tide , m the previous study, no tide followed the ingestion of the meal 
highest m ca.bohydiate used Concentrations of acid and intensities of 
tides found after other meals were intermediate, and varied approxi- 
mately as the concentiations of piotem m the meals, m the results 
presented m the other paper, the depth of the tide after the standard 
bieakfast was intermediate between those which followed meals highei 
in protein and in carbohydrate These results furnish stiong confiima- 
tion of the theory that the secretion of hydrochloric acid determines the 
piesence and intensity of the alkaline tide 

It is difficult to decide from the results the amount of hydrochlouc 
acid which must be secieted to produce a tide A concentration of 
35 cc of tenth normal hydrochloric acid and 54 cc of tenth normal 
total acid after the gastric test meal, Experiment T, was not accompanied 
by a tide, while 24 c c of hydrochloric acid and 68 c c of total acid 
(Experiment C4) and 21 c c of hydrochloric acid and 50 c c of total 
acid (Experiment C 3) did cause tides We feel that there are enough 
unavoidable factors, such as variations in the amount of gastric juice 

9 ReVifuss, M E, and Hawk, P B A Consideration of the Gastric Test 
Meal from Experimental Data, T A M A 75 449 (Aug 14) 1920 
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secieted, variations in concentiation of hydiochloi ic acid m diffeient 
parts of the stomach, and partial neutralization of hydrochloric acid 
secieted, to account for these discrepancies 

In Table 5, data obtained in a somewhat diffeient way aie lepoited 
The same subject took the meals indicated Tides developed, and half 
way through each experiment a tube was swallowed and a sample of 
gastric juice obtained Thirty-five cubic centimetei s of hydrochloric 
acid and 47 c c of total acid in one experiment, and 44 c c of hydro- 
chloric acid and 106 c c of total acid m the other caused tides In the 
second lesult, the large amounts of total acid found make it seem piob- 
able that a part of the hydrochloric acid produced by the stomach had 
been neutralized by products of digestion, and theiefore it does not 

Table 5 — Single Specimen Gastuc Analysis and Tides in E G A 


Meal 

02 


S 


Single Specimen Gastric Study 

— — — , Alkaline Tide 

Iljdrocliloric Acid Totnl , ' 


Time, 

lentil Normal per 100 C c 

Horn , 

Reaction, 

A M 

Cc 

Cc 

A M 

Pn 




7 32- 8 37 

56 




8 37- 0 37 

3 6 




9 37-10 37 

64 

10 43 

35 0 

47 0 

10 37-11 37 

07 




11 37-12 37 

5 6 




7 20- 8 30 

5 6 




8 30- 9 30 

5 7 




9 30-10 30 

09 

10 45 

44 0 

105 0 

10 30-11 30 

6 0 




11 .30-12 30 

5 7 


Tlie tube nas sn allowed just bcfoie the gastric specimen u as obtained The meal 0 , n° 
indicated, vere taken about half an hour after the first urine specimen vas voided 

seem unreasonable that a tide should be found, but the figuies in the 
first expeument aie almost identical with those found after the gastric 
test meal (Experiment T, Table 4) when no tide developed We aie 
inclined to attribute the discrepancy to differences in the total amount 
of gastuc juice secreted, although variations m the acidity of diffeient 
paits of the stomach cannot be excluded as a cause 

In Table 6, results on three other subjects who took the stands d 
bieakfast are given In Case 1, large amounts of acid were present 
m the gastric juice, and a maiked tide developed, Case 2 showed no 
hvdiochlonc acid and but little total acid m the gastric juice, and an 
absence of s tide in the urine specimens , Case 3 also showed an 
achlorhydria, but it was associated with somewdiat larger amounts of 
total acid and a well maiked alkaline tide A gastric analysis after the 
usual test meal w f as earned out on the patient, and some hydrochloric 
acid found, as shown in Table 3 Quahtatneh these results agree well 
with the theory of an association between the secretion of the gastric 
juice and the occmience of the alkaline tide but quantitatively, the\ aie 
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haid to interpret, for a tide developed m Case 3 when the stomach con- 
tained no hydrochloric and only 40 c c of tenth normal total acid m 
100 cc In this last case, some hydrochloric acid was piobably neu- 
tralized, for gastric analysis after the usual test meal showed hydrochloric 
acid present, but this does not account adequately for the discrepancy 
between the gasti ic and urine findings It seems to us that the samples 
drawn, m this case, do not accuiately represent conditions in the stomach 
as a whole 

The expei iments described above furnish throughout strong evidence 
m favor of the theory that the secretion of acid by the stomach causes the 
alkaline tide m urine, but owing to difficulties in determining the actual 

Tatle 6 — Results on Thtee Patients 


Junction'll Gastric Analysis 


Time, 

Number A M 
1 

8 30 (residuum) 

9 30 
10 00 

10 30 

11 00 

11 30 

12 00 

2 

8 30 (residuum) 

9 30 

10 45 

11 45 


3 

S 30 (residuum) 

9 30 
10 00 

10 30 

11 oo 

11 35 

12 OO 


Hydrochloric Acid Total 
Tenth Normal per 100 C c 


Oe 

Cc 

00 

15 0 

00 

37 5 

00 

610 

60 

S3 0 

10 0 

87 0 

675 

98 5 

75 0 

95 0 

00 

30 

00 

22 0 

00 

19 0 

00 

22 0 


00 

5 0 

00 

34-0 

00 

27 0 

00 

23 0 

00 

300 

00 

40 0 

00 

28 0 


Alkaline Tide 

A 


Hour, 

Reaction, 

A M 

Pn 

7 OO- 8 00 

58 

S 00-10 OO 

72 

10 00-11 00 

80 

11 00-12 00 

SO 

7 OO- 8 00 

77 

S OO- 9 00 

69 

9 00-10 00 

62 

10-00-11 00 

66 

11 00-12 00 

67 

7 OO- 8 00 

59 

8 OO- 9 OO 

59 

9 00-10 00 

57 

10 00-11 OO 

64 

11 00-12 OO 

68 


Hie standard breakfast, S, nas fed to each patient between 8 30 and 9am 


amount of hydrochloric acid secreted by the stomach at any given time, 
m deciding how much of the hydrochloric acid pioduced has been 
neutialized by products of digestion, and m making suie that the results 
of an analysis represent conditions in the whole stomach, they furnish 
only a little help in studying how much acid must be secreted by the 
stomach to produce a tide It is certain that some acid may be present 
in the stomach without causing these changes m the urine, and m some 
cases such amounts as occur m normal gasti ic juice may be present, at 
least m part of the stomach, without producing these changes m the 
mine When a tide is present, therefoie it seems probable that the 
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piesence m the stomach of more h}drochloric acid than is usually 
secieted in hypochloxhydna must be assumed, in most cases The 
patient may nevertheless, have this condition, for the meals used in 
studying the tide lead to a pioduction of higher concenti ations of acid 
than do those used in the usual gastric tests, and it is on the lesponse of 
the stomach to gastric test meals that the definitions of Irypochlorhydria 
and hvpei chloi hydi la aie based 



ATYPICAL CASE OF SPLENOMEGALY ■= 

I TR EIGER M D 

CHICAGO 

The case of splenomegaly to be repoited shows such an atypical 
course that we feel that it will be justifiable to report it now, while the 
patient is yet under observation 

REPORT OF CASE 

A woman, aged 60 with a negative family history, had an attack of typhoid 
fever, at the age of 10 At 29, during the seventh month of pregnancy, she 
suffered from eclampsia, with miscarriage The next year, she had a second 
miscarriage, in the eighth month of gestation For the following five years, she 
felt very weak, and gave birth to a delicate child For the next six years, there 
was some improvement, during which time she gave birth to two healthy chil- 
dren At 41, during her sixth pregnancy there was a recurrence of the weakness, 
with constant pain in the region of the spleen A diagnosis of enlarged spleen 
was made and extirpation of the spleen advised, but it was refused by the patient 
Since that time, her complaints have been the same — weakness, nervousness, 
palpitation of the heart, pam in the arms and legs, and pam in the abdomen, 
first on the left side but for the last few years on the right side, in the region 
of the liver The bowels and kidneys were normal There was no bleeding 
from anv place 

Physical examination made in July, 1914 revealed that the spleen was enlarged 
and hard, extending to the umbilicus The lymph glands were not enlarged 
The liver was nonpalpable The blood count was erythrocytes, 3,008,000, leuko- 
cytes, 8,300 The differential count was polymorphonuclears, 64 per cent , small 
lymphocytes, 17 per cent , large lymphocytes, 14 per cent , and transitionals, S per 
cent Myelocytes were absent 

Examination made in August 1915, gave the following findings The spleen 
extended almost to the midline, and below the umbilicus to the crest of the left 
ilium , the edge was sharp, the notch palpable It was not tender The liver 
was not palpable The Wassermann reaction was negative Erythrocytes totaled 
3 616,000 and leukocytes, 5,600 , the differential count was normal , there were no 
abnormal cells found 

Examination in December, 1923, gave the following results The spleen 
extended to the midlme and reached into the pelvis It was hard, smooth and 
not painful The lymph glands were not enlarged The liver extended down to 
the umbilicus, was hard, smooth and rather tender 

The last examination, m May, 1924, gave the following findings The patient 
appeared poorly nourished The skin was brown, smooth and dry Some of 
the cervical, inguinal and axillar lymph glands were slightly enlarged They were 
solid, freely movable, smooth and not tender The throat and mouth were 
negative The heart was normal, except for a slight, functional systolic murmur 
The lungs were normal Neither kidney was palpable There was no jaundice, 
no dilated veins, and no evidence of ascites The spleen was greatly enlarged, 
to the upper margin at the eighth rib, extending to the umbilicus and continuing 
in a downward direction, 3 inches (7 6 cm) to the right of the midlme, and 

From the outpatient medical department, Universitv of Illinois College of 
Medicine 
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into the pelvis 3 inches (7 6 cm) below the umbilicus The notch was plainly 
felt in the region of the umbilicus The surface was smooth, firm, and 
not tender to pressure The spleen was movable The upper border of the 
liver was at the level of the sixth rib, the lower border at the level of the 
umbilicus The surface was smooth, firm and tender to pressure The edge was 
sharp The genitalia, extremities and reflexes were normal 

During the ten years that the patient has been under our observation, a 
number of careful blood studies have been made, showing only secondary anemia 
with leukopenia The first changes occurred Oct 15, 1923, when the blood find- 
ings were as follows Erythrocytes, 3,584,000, hemoglobin, 55 per cent (Sahli), 
and leukocytes 4,200 The differential count showed polymorphonuclears, 38 per 
cent , large lymphocytes, 4 per cent , small lymphocytes, 8 per cent , transi- 
tionals, 7 per cent , eosinophils, 3 per cent , basophils, 2 per cent , neutrophilic 
myelocytes, 25 per cent , eosinophilic myelocytes, 4 per cent , basophilic myelo- 
cytes, 2 per cent , myeloblasts, 2 per cent , and normoblasts, 5 per cent The red 
cells showed variation in size and shape, with rare polychromatophilic cells and 
stippling The platelets were increased in number, and were frequently abnor- 
mally large The numbers of leukocytes were increasing until, May 5, 1924, they 
reached 38,600 The white count was irregular, with periods of spontaneous 
remissions 

December 22, the general condition of the patient was unchanged and she 
was able to perform her house duties The spleen was not more enlarged than 
it was in May The blood counts constantly showed secondary anemia , a 
white cell count of 25,000, myelocytes and normablasts 

COMMENT 

The striking feature of this case is its long continued couise The 
progress of the disease can be divided into three periods (1) splenic, 
(2) hepatic and (3) myeloid stage 

Enlaigement of the spleen was diagnosed nineteen years ago Since 
typhoid fevei in childhood, the patient had felt weak and nervous The 
symptoms became more pronounced after eclampsia, thirty years ago 
It is possible that the spleen, enlarged during typhoid fever, never 
letumed to its normal size, rendering it more susceptible to injury during 
eclampsia 

Enlargement of the liver was absent nine years ago The blood 
pictures, in the splenic and hepatic stages, show only signs of anemia 
and leukopenia, which are common findings in diseases of the spleen, 
such as neoplastic growths 

The myeloid stage was initiated during October, 1923 It was charac- 
terized by definite changes m the bone marrow, manifested by tvpical 
myeloid changes m the blood 

It is well known that the spleen, liver and bone marrow are mter- 
i elated in their action It is probable that the normal regulator) action 
of the spleen over the bone marrow was altered m such a manner as to 
cause an abnormal depiession of the activity of the bone marrow without 
marked alteration of its character, as is evidenced m the chronic anemia 
and leukopenia, and bv enlaigement of the spleen and liver In the 
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myelogenous stage there is hyperactivity of the bone mat row, giving 
rise to increased leukocyte count, and appearance of nucleated erythro- 
cytes. myelocytes and blood platelets The hyperactivity of the bone 
marrow may represent periods of remission when the bone marrow is 
able to overcome its depression of function, 01 may indicate that the 
spleen is aftected to such a degree that the bone marrow is forced to 
increased activity, as is often seen after the removal of the spleen It 
cannot yet be definitely stated whether the myelogenous stage is a 
remission or an indication of progression of the disease to a terminal 
stage Clinical findings make the latter more probable 

The clinical course and our observation make veiy improbable the 
possibility that a chronic splenomegaly of very long duration with abso- 
lute absence of pathologic cells m blood changed now to another new 
disease — subleukemic myelosis (splenomyelogenous leukemia) Here 
the myeloid stage is only a biologic reaction of the bone marrow 

In Banti’s splenomegaly, the tendency to hemorrhages, especiall) 
from the stomach and the rectum, is very prominent The blood pictuie 
always shows secondary anemia and leukopenia The third terminal 
stage of the disease shows symptoms simulating atrophic cirrhosis of 
the hvei , ascites being the principal one 

Although a review of the literatuie of splenomegaly does not yield 
a description of a case of splenomegaly with the m> elogenous stage, still 
it seems logical to expect such an involvement, in view of the close inter- 
dependence of the spleen and bone marrow 

The etiology of such diseases is still obscure Infectious diseases, 
especially those which, like typhoid fever, seriously affect the spleen, 
are supposed to be predisposing The effect of disturbances of the 
inner secretions is still unknown The physiology of the correlations 
between the spleen and the bone manow is not well enough established 
to make clear the etiology of such cases 

Since the etiology is obscure, the treatment, either medical or surgical, 
is not satisfactory m such cases The patient was treated sympto- 
matically for a long period, but without results Roentgen-ray treat- 
ment also was not effective Treatment has been discontinued, and the 
patient remains m the same condition as before 

SUMMARY 

A woman, aged 60, who had had typhoid fever at the age of 10, and 
eclampsia at 31, nineteen years ago received a diagnosis of enlaiged 
spleen The present findings were a greatly enlarged spleen and liver 
The blood findings were anemia and leukopenia until a few months ago, 
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when leukocytosis, with mjeloid changes, appealed The couise of the 
disease was divided into the three stages, splenic, hepatic and myeloid, 
the first stage lasted over a period of twenty yeais, the second over a 
period of a few years, and the last has been m evidence for nine months 
The spleen, liver and bone manow are interi elated in their function 
Our case repiesents a pathologic correlation of these three, while usually 
only involvement of the spleen and liver is seen 



THE MECHANISM OF REACTION OF NON- 
SPECIFIC PROTEIN AGENTS IN THE 
TREATMENT OF DISEASE 

I THE INFLUENCE OF VARIOUS AGENTS ON TEMPERATURE 
AND LEUKOCYTE COUNTS IN NORMAL PERSONS 
AND IN RABBITS t 

CHINGSON Y LING, MD 

PHILADELPHIA 

Just what portion of a protein stimulates the thermoregulatory 
center in nonspecific protein therapy is still an open subject for investi- 
gation , likewise, the degree of therapeutic activity to be ascribed to 
fever production is a subject of speculation 

Luke 1 believes that temperatures per se are not damaging factors 
in infections, for if m infectious diseases the temperature is artificially 
laised, the disease is seemingly favorably influenced Antibodies that 
had gradually disappeared after an infection, or following immunization 
artificially produced, were again found m the serum after any pro- 
cedure that increased the body temperature, whether by increasing the 
the external temperature, by influencing the thermal center of the brain 
or by injecting pyrogenic drugs It tends to show that hyperthermia 
has a direct stimulating effect on the previously formed antibodies, 
causing the latter to mobilize freely and thus, in turn, to influence the 
disease processes 

On the other hand, Uddgren, 2 as a result of extensive studies with 
milk injections, was led to believe that hyperthermia alone could not be 
responsible for the clinical improvements observed Working on eye 
diseases, she found that with sterile milk the reaction of the patients 
was mild but the therapeutic results were just as good as, if not better 
than, when market milk was used, which gave a severe febrile reaction 
The reactive temperature following a single injection of foreign 
protein, varying from a mere suggestion of febrile disturbance to a 
decided rise of from 1 to 2 degrees Fahrenheit, or even more, has been 
recorded 3 Most observers seem to agi ee, however, that together with 

From the Department of Bacteriology and Immunology, Graduate School 
of Medicine of the University of Pennsylvania 

1 Quoted from Petersen, W F Protein Therapy and Nonspecific 
Resistance, New York, Macmillan Company, 1922, p 90 

^ Milchmjection in der Opthalmologie, Stockholm, 1918, 
quoted from Petersen, W F Protein Therapy and Nonspecific Resistance, 
New York, Macmillan Company, 1922, p 90 

3 Barkan, O , and Nelson, R F The Active Agent in Milk Injection, 
TAMA 82 190 (Jan 19) 1924 
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the desired therapeutic results following protein treatment a rise of 
temperature to some extent is usually expected 

Now, let us turn for a moment into nonspecific response of peripheral 
blood leukocytes The fact that leukocytes do not constitute the main 
source from which to derive the defensive factors m immune processes 
has now been fairly well established This does not deny in the least, 
however, the important role played by them as phagocytes, especially by 
neutrophilic polymorphonuclears and by large lymphocytes, in com- 
bating the infections 

Furthermore, leukocytes may possibly liberate endolysms, which 
exercise, as do the bacteriolysms, bactericidal activities in the blood 4 
They also may elaborate proteolytic and pepto lytic enzymes 5 6 (leulco- 
proteases) helping to digest and to eliminate any foreign proteins 
invading the system 

The role of leukocytes, in immune processes, has been extensively 
studied, though by no means is it an exhausted field of research The 
works of Metchnikoff and his pupils on phagocytosis, those of Schatten- 
froh, Petterson, Hiss and others on bactericidal activities of leukocytes, 
and those of Petersen and others on leukocytic enzymes have well 
covered these fields It will be unnecessary to enter here into these 
subjects which are so well known and of which the literatures are so 
accessible The discussions in Kolmer’s “Infection, Immunology and 
Biologic Therapy” give a comprehensive idea of these subjects 

With the introduction of nonspecific protein therapy, various agents, 
such as horse serum, milk, peptone, vaccines of various kinds, yeasts, 
crotalm and distilled water, have been employed Leukocytic responses 
have been carefully studied by Lange, 0 Scully, 7 Gow, 8 Spangler, 9 
Barkan 3 and otheis The total leukocyte counts made after one 
single injection of protein, varying from 15,000 to 30,000, have been 
observed In most cases, the reactive leukocytosis that follows is of 
myeloid types, that is, of neutrophilic polymorphonuclears, large mono- 
nuclears and transitional types Eosinophils also are increased at times 
The lymphatic apparatus is relatively passive 

4 Manwaring, W H The Nature of the Bactericidal Substance m Leuko- 
cytic Extract, J Exper Med 16 250, 1912 

5 Petersen, W F The Ferment Antiferment Balance and Its Relation 
to Therapeusis, Arch Int Med 20 515 (Oct ) 1917 

6 Lange, F Experimented Untersuchungen uber das Varhalten der 
Leukocyten nach Injektion von Bakterienextrakten, Deutsch Arch f khn Med 
94 552, 1908 

7 Scully, F T The Reaction After Intravenous Injections of Foreign 
Proteins, J A M A 69 20 (July 7) 1917 

8 Gow, A E Concerning Protein Shock in Intravenous Vaccine Therap\ 
St Barth Hosp J 25 75, 1918-1919 

9 Spangler, R H Eosinophilia Produced by Hypodermic Injections of 
Crotalm Solution, New York M J , Oct 4, 1913 
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Leukocytic reactions, as well as temperature lesponses, depend, of 
course, on types of infections, synchronous conditions of the patients 
and finally, but not last, on the dosage and chemical nature of the par- 
ticular protein agents employed, besides individual reactive differences 

In this woik, eight agents were used, viz, distilled watei, auto- 
serum, horse serum, certified nnlk, market milk, crotalin, peptone and 
typhoid vaccine By employing accepted doses and using normal sub- 
jects and rabbits, in these experiments, a favorable approach has 
seemed to have been made to the study of the relative values of these 
protein agents used in producing nonspecific biologic reactions 

PURPOSE OF INVESTIGATION 

In view of the growing practical importance of protein theiapy, 
particularly for the production of initial nonspecific resistance in diseases 
of bacterial origin, such as arthritis, acute or chronic, gonorrhea, 
typhoid fever and anthrax, the question of using the right protein 
agents for appropriate cases has offered a new field for research In 
this work, a series of comparative studies were undertaken, in which 
various agents commonly employed in clinical and experimental work 
were used Different biologic methods were employed 

There are, in these studies, four distinct objects in view 

1 To study comparatively the influence of various nonspecific pro- 
tein agents on the reactive temperatui e 

2 To study comparatively the influence of various nonspecific pio- 
tem agents on the mobilization of peripheral blood leukocytes 

3 To study comparatively the influence of vauous nonspecific pio- 
tein agents on the mobilization of blood antibodies 

4 To study comparatively the influence of vauous nonspecific protein 
agents on the mobilization of blood enzymes 

The results of the first two of these studies concerning temperature 
and leukocytes are summarized m this paper, the results of those con- 
cerning blood antibodies and blood enzymes are given m two succeeding 
papers 

TECHNIC 

All the agents employed, except the distilled water, were of some 
form of proteins 

1 Sterile distilled water 

2 Autoserum, separated from the blood of the same person or rabbit, 
after being placed for four hours in the refrigerator 

3 Normal horse serum, the stock serum, prepared by Mulford 
Laboratory for the use in therapeutic purposes 

4 Certified milk, with a bacterial count of not more than 10,000 
per cubic centimeter The milk was boiled at 100 degrees C for ten 
minutes 
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5 Market milk, with a bacterial count of between 300,000 and 
400,000 per cubic centimeter It was likewise boiled for ten minutes 

6 Crotalm, m solution, kindly supplied by Dr Spangler of 
Philadelphia 

7 One per cent peptone solution in saline, autoclaved for twenty 
minutes 

8 Typhoid vaccine, suspended in saline solution, with 100,000,000 
per cubic centimetei 

All normal persons and rabbits were carefully weighed before the 
injection, and the amount of agent given was in proportion to their 
body weights, as follows 

(a) Sterile distilled watei 0 1 c c per kilogram of weight for human 
being, 1 cc pei kilogiam of weight for rabbit, given intravenously 

( b ) Autoseium 0 5 cc per kilogram of weight foi human being 
and rabbit, given intravenously 

( c ) Sterile normal horse serum 02 cc per kilogiam foi human 
being and rabbit, given intravenously 

( d ) Ceitified milk 02 cc pei kilogram of weight for human being 
and labbit, given mtiamuscularly 

(c) Market milk 02 cc per kilogram of weight foi human being 
and labbit, given intramuscularly 

(/) Ciotahn 000 gram per kilogram of weight for human being, 
Yu ooo gram per kilogram of weight for rabbit, given hypodermically 

( g ) Peptone solution (1 per cent ) 0 02 cc per kilogram of weight 
for human being and labbit, intravenously 

(/?) Typhoid vaccine (100,000,000 per cubic centimeter) 02 cc 
pei kilogram of weight for human being and rabbit, intravenously 

Total leukocyte counts, differential counts and temperature obser\a- 
tions weie made just before, and four hours and twenty-four hours 
after the administration of the agents 

To avoid the effect of food on the temperature and leukocytic 
fluctuation, all examinations were made in the eaily pait of the morn- 
ing before any food was given 

A number of normal persons and rabbits also were similarly 
examined under the same condition for controls, and the composite 
lesults were obtained for comparison 

RESULTS 

The composite lesults of the experiments aie expressed in the 
accompanying tables and Charts 1 to 5, and the study may be briefly 
summarized as follows 

Influence on Tempo atui c — Variations of febrile reactions m various 
individuals v f ere not infrequently obser\ed but in general, the adnunis- 



Table 1 — Influence of Vanous Agents on Temperatui e 


Temperature in Degrees Fahrenheit 


a 



Time= Examinations 


Human 


Mean 

Agents 

Were Made 

Babbit 

Being 

Average 

Average* 

Distilled water 

Before injection 

1021 

9T6 

999 

100 0 


4 hours after injection 

103 0 

98 8 

100 9 

1010 


24 hours after injection 

102 0 

98 0 

100 0 

1001 

Autoserum 

Before injection 

101 9 

97 0 

995 

100 0 


4 hours after injection 

103 0 

98 0 

100 8 

101 3 


24 hours after injection 

101 5 

97 0 

993 

998 

Horse serum 

Before injection 

101 8 

97 0 

998 

100 0 


4 hours after injection 

1021 

984 

100 3 

100 5 


24 hours after injection 

102 0 

9S2 

1001 

100 3 

Certified milk 

Before injection 

1021 

992 

100 2 

100 0 


4 hours after injection 

102 S 

996 

101 2 

1010 


24 hours after injection 

101 4 

991 

100 3 

1001 

Market milk 

Before injection 

102 2 

98 6 

100 4 

100 0 


4 hours after injection 

103 6 

100 2 

1019 

1015 


24 hours after injection 

103 0 

100 0 

101 5 

1011 

Crotalin 

Before injection 

101 3 

981 

997 

100 0 


4 hours after injection 

102 0 

98 6 

100 6 

100 9 


24 hours after injection 

102 3 

97 6 

100 0 

100 3 

Peptone 

Before injection 

101 8 

97 8 

698 

100 0 


4 horns after injection 

103 3 

100 2 

101 8 

102 0 


24 hours after injection 

101 5 

966 

991 

993 

Typhoid vaccine 

Before injection 

102 0 

93 6 

100 3 

100 0 


4 hours after injection 

103 9 

101 4 

102 7 

102 4 


24 hours after injection 

101 7 

100 2 

1010 

100 7 

Control 

First examination 

101 9 

976 

998 

100 0 


Second examination 

1021 

9S2 

100 2 

100 4 


Third examination 

1018 

98 0 

999 

1001 


* Temperature taken befoie injection is arbitrarily set at 100 F Increase or decrease of 
two subsequent observations is then added to or subtracted from it 





Table 2 — Influence of Various Agents on Total Leukocyte Counts 


Number of Cells per C Mm of Blood 

... . - . . . . , y - , 


Agents 

Times Examinations 
Were Made 

Babbit 

Human 

Being 

Average 

Mean 

Average 

Distilled water 

Before Injection 

8,750 

8,200 

8,475 

8 000 


4 hours after injection 

7,600 

7,000 

7,600 

7 125 


24 hours after injection 

8,700 

9,000 

8,850 

8 375 

Autoserum 

Before injection 

8,900 

8,200 

8,550 

8000 


4 hours after injection 

10,700 

8,000 

9,650 

9100 


24 hours after injection 

9,500 

8,400 

8,950 

8 400 

Horse scrum 

Before injection 

10, GOO 

8,200 

9,400 

8,000 


4 hours after injection 

13,400 

7,000 

10,500 

9,100 


24 hours after injection 

9,350 

8,000 

8,675 

7,27a 

Certified milk 

Before Injection 

4,200 

S,320 

6,260 

8000 


4 hours after injection 

7,200 

7,200 

7,200 

8,940 


24 hours after injection 

3,200 

8,210 

5,705 

7,430 

Market milk 

Before injection 

7,770 

8,850 

8,310 

8,000 


4 hours after injection 

8,000 

8,200 

8,100 

7,800 


24 hours after injection 

13,100 

12,000 

12,550 

12,240 

Crotalin 

Before injection 

5,800 

8,800 

7,800 

8,000 

7,800 


4 hours after injection 

7,000 

8,200 

7,600 


24 hours after injection 

G.400 

9,000 

8,200 

8,400 

Peptone 

Before injection 

8,650 

7,580 

8,115 

8,000 

4 hours after injection 

8,200 

7,320 

7,760 

7,645 


24 hours after injection 

9,500 

8,000 

8,750 

8,635 

Tjplioid vaccine 

Before injection 

9,200 

10,400 

9,800 

8,000 

4 hours after injection 

12,500 

9,500 

11,000 

9,200 


24 hours after injection 

15,800 

9,000 

12,400 

10,800 

Control 

First examination 

8,400 

8,200 

8,300 

8,000 


Second examination 

8,350 

8,500 

8,425 

8,125 


Third examination 

8,450 

7, GOO 

8,025 

7,625 


* The count taken before Injection Is arbitrarily set at 8,000 Increase or decrense of tv o 
subsequent counts Is added to or subtracted from It 



Chart 2— Composite results of influence of larious agents on total IeukocUe 
count 






Table 3 — Influence of Vanous Agents on N eutrophilic P olymorphonuclears 


Number of Cells per C Mm of Blood 

K 


Agents 

Times Examinations 
Were Made 

Babbit 

Human 

Being 

Average 

Mean 

Average' 

Distilled water 

Before injection 

3,500 

3,162 

3,330 

5,000 


4 hours after injection 

4,100 

3,509 

3,840 

5,510 


24 hours after injection 

1,914 

4,410 

3,160 

4,830 

Autoserum 

Before injection 

2,848 

5,740 

6,708 

4,290 

5,000 


4 hours after injection 

4,65 4 
1,805 

5,680 

6,390 


24 hours after injection 

5,712 

3,760 

4,470 

Horse serum 

Before injection 

5,194 

4,422 

6,232 

5,710 

5,000 


4 hours after injection 

5,258 

6,400 

4,840 

4,130 


24 hours after injection 

5,300 

5,850 

5,140 

Certified milk 

Before injection 

1,092 

2,880 

5,229 

4, 60S 

3,160 

5,000 


4 hours after injection 

3 740 

5,580 


24 hours after injection 

256 

5,576 

2,920 

4,760 

Market milk 

Before injection 

3,108 

5,487 

4,300 

5,000 


4 hours after injection 

4,640 

5,576 

5,110 

5,810 


24 hours after injection 

6,701 

8,880 

7,790 

8,490 

Crotalin 

Before injection 

2, OSS 

6,864 

4,480 

5,000 


4 hours after injection 

2,275 

5,904 

4,090 

4,610 


24 hours after injection 

2,120 

6,120 

4120 

4,640 

Peptone 

Before injection 

1,081 

4,700 

2,890 

5,000 


4 hours after injection 

4,838 

5,856 

5,350 

3 990 

7,460 


24 hours after injection 

2,116 

5,856 

6100 

Tjphoid vaccine 

Before injection 

2,66S 

5,840 

4 250 

5 000 


4 hours after injection 

1,537 

7,410 

4,470 

5220 


24 hours after injection 

7,979 

7,380 

7,680 

8 430 

Control 

First examination 

2,280 

5,600 

3,940 

5,000 


Second examination 

2,980 

5,660 

4,320 

5,880 


Third examination 

2,366 

5,320 

3,843 

4 903 


* The count taken before injection is arbitrarily set at 5,000 Increase or decrease of two 
subsequent counts is added or subtracted from it 
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Tabif 4 — Influence of Vanous Agents on L\mphoc\tts 


Agents 

Distilled water 
Autoserum 

Hone serum 

Certified milk 

Market milk 

Crotniin 

Peptone 

Tj pboid vaccine 

Control 


'limes Examinations 
Were Made 
Before injection 
4 hours after injection 
24 hours after injection 
Before injection 
4 horns niter injection 
24 hours after injection 
Before injection 
4 hours lftcr injection 
24 hours after injection 
Before injection 
4 hours after injection 
24 hours after injection 
Before injection 
4 hours after injection 
24 hours after injection 
Before injection 
4 hours after injection 
2f hours after injection 
Before injection 
4 hours after injection 
24 hours after injection 
Before injectfon 
4 hours after injection 
24 hours after injection 
Pirst examination 
Second examination 
Third examination 


A umber of Ceils per C Mm of B! ood 
► 



Human 


Mean 

Rabbit 

Being 

Average 

Avenge 

4,080 

3 200 

3,640 

2,000 

2,904 

4,408 

3,690 

2 030 

4 090 

4 032 

4,160 

> r >20 

4,9S4 

1,068 

3,480 

2,000 

3,243 

1,032 

3140 

1,«>0 

4,750 

1,260 

3,000 

1,520 

4,604 

2,640 

3,620 

2,000 

5,470 

3,040 

4,250 

2,630 

3,114 

1,960 

2,540 

920 

2,520 

2,322 

2,420 

2,009 

1,870 

1,440 

1,060 

1,240 

2, CCS 

1,970 

2,320 

1 900 

4,118 

1,770 

2,940 

2,000 

2,480 

1,470 

1,980 

1,010 

3,144 

1,920 

2,530 

1,690 

2.72G 

1,940 

2,330 

2 000 

3,290 

2,115 

2,700 

2,370 

2,584 

1,800 

2,190 

1,860 

4,622 

1,820 

3,220 

2,000 

2,378 

1,885 

2,130 

910 

3,725 

1,200 

2,460 

1,240 

5,152 

2,910 

4,030 

2,000 

4,250 

2,090 

3,160 

1,130 

6,320 

1,260 

3,790 

1.7C0 

4,260 

1,840 

3,030 

2,000 

4 330 

1,990 

3,160 

2,110 

4,807 

1,900 

3,350 

2,300 


* The count taken before injection is arbitrnrilj’ set at 2,000 Inoicise or decrease of two 
c nb>-pquent counts i« added to or subti.ictcd fiom it 
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Chart 4— Composite results of influence of xarious agents on lxmphocxte 
count 




Table S — Influence of Vaitous Agents on Eosinophilic Polymorphonucleai s 




Number of Cells per C Mm of Blood 


Times Examinations 

f 

Human 

o 

Mean 

Agents 

Were Made 

Rabbit 

Being 

Average 

A\ erage 1 

Distilled water 

Before injection 

250 

124 

190 

200 


4 hours after injection 

228 

203 

220 

230 


24 hours after injection 

535 

70 

300 

310 

Autoserum 

Before injection 

356 

144 

250 

200 


4 hours after injection 

856 

6d 

460 

410 


24 hours after Ejection 

570 

16S 

370 

320 

Horse seium 

Before injection 

212 

120 

170 

200 


4 hours after injection 

1,080 

150 

620 

650 


24 hours after injection 

186 

40 

110 

140 

Certified milk 

Before injection 

84 

62 

70 

200 


4 hours after injection 

440 

36 

240 

370 


24 hours after injection 

12S 

62 

100 

230 

Market milk 

Before injection 

221 

44 

130 

200 


4 hours after injection 

640 

116 

330 

400 


24 liouis after injection 

40 

90 

70 

140 

Crotalin 

Before injection 

116 

9 

60 

200 


4 hours after injection 

900 

30 

470 

610 


24 hours after injection 

65 

50 

60 

200 

Peptone 

Before injection 

256 

33 

150 

200 


4 hours after injection 

656 

40 

350 

400 


24 hours after injection 

240 

60 

650 

700 

Typhoid vaccine 

Before injection 

92 

20 

60 

200 


4 hours after injection 

250 

26 

140 

280 


24 hours after injection 

15S 

96 

130 

270 

Control 

First examination 

160 

40 

100 

200 


Second examiu ition 

476 

20 

248 

348 


Third examination 

280 

90 

185 

285 


* The count taken before injection is arbitrnrilj set at 200 Increase or decrease m two 
subsequent counts is added or subtracted from it 
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tration of all protein agents was usually followed, within four hours, 
by distinct elevation of temperatui e, with a return to normal or about 
normal m twenty-four horns Bacillus typhosus, peptone and maiket 
milk gave the most prompt initial temperature leaction, while that 
produced by maiket milk seemed to persist longei than that of othei 
agents (Table 1 and Chart 1) 

Influence on Total Leukocyte Count — The leukocytic response was 
similar to temperature disturbances as far as the uregulaiities of the 
results are concerned Market milk and B typhosus weie fai more 
efficient in inducing a pionounced and peisistent mcreaase of total 
leukocyte count (Table 2 and Chart 2) 

Influence on Neutiopluhc Polymoi phonuclcai s — Absolute mciease 
of neutrophils apparently kept pace more closel) with that of tempeia- 
ture than that of total counts Market milk and typhoid vaccine pro- 
duced, both m human being and labbit, a most steady and peisistent 
neutrophilic response, though peptone gave a piompter initial leaction 
(Table 3 and Chart 3) 

Influence on Lymphocytes — Under the influence of hoise seium, 
crotalm and distilled water, the lymphocytes were found slightly 
increased during the fiist stages of leukocytic reaction, while those 
administered with peptone, market milk, typhoid vaccine or certified 
milk showed a decided diop during the same period The usual oi 
normal level was generally recovered, however, in about twenty-four 
hours (Table 4, Chart 4) 

Influence on Eosinophilic Polymoi phonucleai s — All labbits invari- 
ably showed a slight increase after treatment It was less so in the 
human beings Peptone, horse serum and crotalm seemed to pioduce a 
decided eosinophilia 

CONCLUSIONS 

1 All the agents used, including distilled water, autoserum, horse 
serum, certified milk, market milk, crotalm, peptone and typhoid vaccine, 
raise the temperature in normal pei sons oi rabbits from 0 5 to 2 4 F , 
sometime within or about four hours after administration The most 
decided rise is produced by typhoid vaccine, peptone, maiket milk and 
autoserum, named in the order of their effectiveness 

2 Peripheial blood leukocytes are more or less mobilized by all 
the agents used 

( a ) Persistent leukocytosis is found after being treated with maiket 
milk or typhoid vaccine, named in the ordei of their effectiveness 

( b ) Persistent increase of neutrophilic polymoi phonuclears is found 
m those treated with market milk, typhoid vaccine and peptone 
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(r) Persistent lymphocytosis is found m those treated with distilled 
water and crotahn 

( d ) Persistent eosmophiha is seen in those treated with peptone 
solution 
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During the course of ceitam clinical studies m the medical service 
of the Majo Clinic with legal d to the use of histanun m vanous types 
of hypertension, it was obseived that, not infrequently, arihythmia 
followed the hypodermic injection of 0 5 mg of histamm dichloud 
Since histamm dichloi id was found by Bai gei and Dale 1 and b) Ackei - 
mann and Kutscher 2 to be one of the ergot bases which are capable of 
causing intense tonic conti action of the uterus, attempts have been made 
to use it m the held of gynecology foi the tieatment of uterine meitia 
[ager 3 obseived palpitation of the heart in the shocklike condition 
induced by a hypodermic admimstiation of fiom 6 to 8 mg of histamm 
hydrochlond to adults Schenk 4 noted that following the subcutaneous 
administration of histanun phosphate, in doses of from 4 to 5 mg , the 
pulse i ate was doubled, with a maiked fall in the blood piessure How- 
eier, tlieie aie no clinical obseivations on lecord of arihythmia due to 
administration of histamm 

Dale and Laidlaw 5 found, in expei intents on cats kept undei 
aitihcial respiration after the chest had been opened, that immediately 
following the intravenous injection of a laige dose of histamm 
tiansient distention of the light side of the heait occuiied with weak- 
ened and megular contractions of the right ventncle, and that m an 
extreme case there was ventnculai fibrillation, leading to the death of 
the animal They considered the distention of the right side of the heait 
due to the constriction of the pulmonary arteries In an experiment on 

51 This work was done under the supervision of Dr F A Willius 

1 Barger, G, and Dale, H H The Presence in Ergot and Physiological 
Activity of B-Imidazolylethylamme, J Physiol 40 xxxvm-xl, 1910, Chemical 
Structure and Sympathomimetic Action of Amines, J Physiol 42 19-59, 1910 

2 Ackermann, D , and Kutscher, F Untersuchungen uber die physiolog- 
lsche Wirkung emer Secalebase und des Imidazolylathylamins, Ztschr f Biol 
54 387-394, 1910 

3 Jager, F Em neuer, fur die Praxis brauchbarer Sekaleersatz (Tenosin), 
Munchen med Wchnschr 2 1714-1715, 1913 

4 Schenk, P Ueber die Wirkungsweise des B-Imidazolylathylamins 
(Histamm) auf den menschlichen Organismus, Arch f exper Path u 
Pharmakol 89 332-339, 1921 

5 Dale, H H, and Laidlaw, P P Histamm Shock, J Physiol 52 
355-390 (March) 1919 
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the heart-lung preparation from a dog, Fuhner and Starling 6 observed 
that on adding histamm to the circulating blood, the heart soon failed 
and dilated, and the pressure rose in the left auricle Emis 7 found, in 
the isolated frog’s heart, that small doses of histamm induced slowed 
and slightly intensified contraction of the heart, while large doses caused 
periodic cessation of the contraction, which produced a type of contrac- 
tion of the heart comparable with “group contraction” of Luciam On 
the isolated heart of the rabbit, perfused with Ringer’s solution by the 



Fig 1 (Experiment 1) — Electrocardiograms taken with intact vagi, under 
ether anesthesia, before histamm injection Derivation I, P-R interval, 0 08 
second, heart rate, 205 each minute, T wave inverted Derivation II, P-R 
® ^ second, heart rate, 200 each minute Derivation III, P-R interval, 
008 second, heart rate, 187 each minute 

use of Langendorff’s apparatus, Emis observed that 0 5 c c of 0 1 pet 
cent solution of histamm caused quickening of the heart rate to nearly 

6 Fuhner, H , and Starling, E H Experiments on the Pulmonary Circula- 
tion,^ J Physiol 47 286-304, 1913-1914 

? Emis, _ W Ueber die Wirkung des Pituitrms und B-Imidazola- 
thylamins (Histamins) auf die Herzaktion, Biochem Ztschr 52 96-117, 1913 
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three times normal, with increased exclusions of the heart action, which 
were later followed by slowing of the rate to less than the original At 
the summit of this stimulating effect of the histamm, often extrasystoles 
supervened, each extrasystole being of about half the extent in exclusion 
of immediately preceding systoles In some of the similar expenments, 
he found, furthermore, that alternate auiiculai conti actions were not 
followed by the ventricular contraction, and finally the ventricle ceased 
to respond to the auricular contractions, which were still progiessing He 
believed that this phenomenon was due to impaired aunculoventricular 
conduction In another series of his experiments, made on labbit’s 
heart perfused with hirudimzed blood, however, he failed to demonstrate 



Fig 2 (Experiment 1) — Electrocardiograms taken from one to six minutes 
following intravenous injection of 2 mg of histamin dichlorid for each kilogram 
of body weight Complete aunculoventricular dissociation Derivation I 
(from one to two minutes after injection of histamin), P-R interval variable, 
T wave inverted , auricular rate, 200 each minute, and ventricular rate, 133 each 
minute Derivation II (from three to four minutes after injection of histamm), 
P-R interval variable, T wave inverted, auricular rate, 197 each minute, and 
ventricular rate, 125 each minute Derivation III (five to six minutes after 
injection of histamin), P-R interval variable, Q-R-S complex notched, auric- 
ular rate, 193 each minute, and ventricular rate, 129 each minute 

the heart block, but saw only the quickening of the rate with inci eased 
excursion of the heart action which had been preceded by the slowing of 
slight degree and short duration He regarded the quickening of the 
late as an important part of the effect of histamm on the heait action, 
and thought that the slowing which follows the quickening in rabbit’s 
heart perfused with Ringer’s solution, might be due to exhaustion of 
the organ, as such slowing was missed in the preparation perfused with, 
hirudimzed blood 
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In order to thiow more light on the obscure points concerning the 
effect of histamin on the heart action, I have studied this effect care- 
fully by means of electiocardiographic records 

EXPERIMENTAL METPIODS 

Adult healthy dogs were employed foi the experiments To obtain 
electrocardiograms, the electrodes were applied to both forelegs and to the 
left hind leg Some of the animals were anesthetized by ether, using the 
intratracheal insufflation method, others by a stomach tube, about one 
hour before the experiment, by the administration of from 1 to 1 5 gm 
of urethan for each kilogram of body weight In some animals 
under ether anesthesia, both vagi, as they lay in the carotid sheath, were 
divided, about thirty minutes before the experiment In some animals 
with intact or divided vagi, atropin sulphate was injected intravenously 



Fig 3 (Experiment 1) — Electrocardiograms taken from eight to thirteen 
mmiites after injection of histamin Delayed auriculoventricular conduction 
an I s owed heart rate Derivation I (from eight to nine minutes after injection 
o nstamin), P-R interval 016 second, T wave inverted, and auricular and 
ventncu ar rates the same, 191 each minute Derivation II (from ten to eleven 
minutes after injection of histamin), P-R interval, 014 second, and auricular 
an ven ricular rates the same, 191 each minute Derivation III (from twelve 
to thirteen minutes after injection of histamin), P-R interval, 012 second, 

k,-K-b complex notched, auricular and ventricular rates the same, 180 each 
minute 

m doses of from 0065 to 0 156 mg foi each lalogiam of body weight, 
for the purpose of paralyzing the vagi completely The experiment on 

histamin was made at the period from four to twenty minutes after the 
injection of atropin 

A pure preparation of histamm dichlorid 8 was used Two milligrams 
of this drug for each kilogram of body weight were dissolved m small 

8 This was obtained through the courtesy of Dr Milton T Hanke 
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amounts of physiologic salt solution and were injected into the leg vein 
of a dog, and proved to be so toxic as to cause a chain of symptoms 
resembling those of anaphylactic shock, that is, stupor, fall in body tem- 
perature, cyanosis or flushing of the mucous membrane and the skin, 
slowed, and latei quickened, weak and airlnthmic pulse, labored, slowed, 
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Fig 4 — Drawings of electrocardiograms 


and later weakened respiration, defecation or tenesmus, and l etching oi 
vomiting The mercury manometer, attached to a cannulated artery of 
the animal anesthetized by ether, showed a prompt fall of arterial blood 
pressure to a point lower than 40 mm , immediately following the injec- 
tion of histamm The fall persisted for a period of from a half-hour to 
two houis If not anesthetized with ether or median, the dogs 
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recovered nearly completely from the shocklike condition within from 
ten to thirty minutes Slight anesthesia with ether or urethan, under 
which the animals were kept during the procedure of taking the electro- 
cardiograms, more 01 less intensified the intoxication, but most of the 
animals recovered withm one or two hours 

rxrERIMENTAL OBSERVATIONS 

Experiment 1— Dog 1, a male, adult mongrel, weighing 6 34 kg, with intact 
vagi, received 13 mg of histamin dichlorid, dissolved m 10 c c of physiologic 
sodium chlorid solution, injected intravenously The animal remained under 
ether anesthesia while the electrocardiograms were taken (Table 1) 

Complete auriculoventricular dissociation occurred from one to six minutes 
after the injection In the electrocardiogram taken at this period, the auricular 
rate was almost unchanged, the P waves occurred at regular intervals, but 
they bore no regular relationship to the Q-R-S complexes The ventricular 
rate was markedly slowed to less than two-thirds of the auricular and was 
arrhythmic Exaggerated S waves in Lead III indicated the preponderance 
of the left ventricle At the period of from eight to thirteen minutes after the 
injection of histamin, the P-R intervals became constant, but evidently much 
prolonged The Q-R-S complexes were notched and still directed downward 
in Lead III The electrocardiograms taken later than twenty-eight minutes 
after the injection showed nothing abnormal except a slightly slowed heart 
rate (Figs 1, 2 and 3) 

Experiment 2 — Dog 2, a female mongrel, weighing 6 18 kg , with both 
vagi divided, under ether anesthesia, thirty minutes before the taking of the 
electrocardiogram, during which little ether was added, was injected intra- 
venously with 12 mg of histamin dichlond in 10 cc of physiologic sodium 
chlorid solution 

In the electrocardiogram (Table 2} taken from one to four minutes after 
the injection, the auricular rate was slowed, but was not arrhythmic The P-R 
intervals were strikingly prolonged, and here and there the P wave was not 
followed by the ventricular complex which should respond to it, that is, delayed 
auriculoventricular conduction with partial heart block The P wave in 
Lead II was notched, but not changed in its amplitude At the end of the 
period of eight minutes after the injection, the conduction time returned to 
the original length 

Experiment 3 — Dog 3, a male mongrel, weighing 6 kg , was given 6 gm 
of urethan by stomach tube, one hour before the experiment Both vagi were 
cut under slight ether anesthesia Twelve milligrams of histamin dichlorid 
in 8 cc of phvsiologic sodium chlorid solution was injected intravenously 

In the electrocardiogram (Table 3) taken from one to two minutes after 
the injection, theie were evidences indicative of partial heart block The 
P waves occurred at regular, but prolonged intervals The Q-R-S complexes 
following every second P wave, however, were absent in the first portion of 
the tracing, in its middle portion following every third P wave, and in the 
latter portion following every fourth to sixth P wave In the electrocardiogram 
taken later than six minutes after the injection, there was slight prolongation 
of the P-R intervals which returned to normal within about ten minutes after 
the injection, and slightly slowed heart rate, but no auriculoventricular dis- 
sociation was noticeable after this 

Experiment 4 Dog 4, a male, adult poodle, weighing 10 85 kg, had both 
vagi divided, under ether anesthesia, thirty minutes before the experiment 
The animal, having been well trained, needed no anesthesia for the taking 
of electrocardiograms Fourteen milligrams of histamin dichlorid, dissolved 
in 6 c c of physiologic sodium chlorid solution, was injected intravenously 
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In the electrocardiograms (Table 4), taken from fifteen seconds to one 
minute following the injection, the ventricular complexes that should have 
immediately followed every second P wave were absent The auricular rate 
was slightly slowed and regular The P-R intervals were prolonged though 
constant, that is, the partial heart block was in the rate of 2 1 At the period 
of from one and one-fourth to five and one-fourth minutes, the electrocardio- 
grams showed that the P waves, although they occurred at regular intervals, 
bore no relationship to the ventricular complexes The ventricular rate was 
slowed to about one-half of the auricular rate, and was more or less arrhythmic 
In the electrocardiograms taken from seven and one-half to eight and three- 
fourths minutes after the injection, the P-R intervals were slightly prolonged, 
and the rate of both auricular and ventricular contractions was more or less 
slowed, but no dissociation between them was apparent More than eleven 
minutes after the injection, there was nothing abnormal, except a slightly slowed 
heart rate 

Experiment 5— Dog 5, a male, adult mongrel, weighing 5 kg, had both 
vagi divided, under procain anesthesia, a half-hour before the experiment 
No anesthesia was induced during the taking of the electrocardiograms Ten 
milligrams of histamm dichlond, dissolved in 5 c c of physiologic sodium 
chlorid solution, was injected intravenously 

The occurrence of complete auriculoventricular dissociation was indicated 
by electrocardiography (Table S) from one-fourth to five and one-half minutes 
following the injection Although the P waves occurred at regular intervals 
and in the rate nearly similar to that before the injection, they did not keep 
constant relation to the ventricular complexes Within one minute after the 
injection, the ventricular rate was slowed to about one-half the auricular rate, 
but later it was gradually quickened, so that toward the end of five minutes 
it nearly equaled the auricular rate The ventricular contractions were more 
or less arrhythmic, while the auricular were very regular The tracing taken 
later, at from nine to ten minutes after the injection, showed slightly prolonged 
P-R intervals, but no further abnormal changes 

Experiment 6 — Dog 6, a male, adult mongrel, weighing 5 56 kg , had both 
vagi cut, under ether anesthesia, thirty minutes before the experiment No 
more ether was given during the taking of the electrocardiograms Eleven 
milligrams of histamin dichlorid, dissolved in 6 c c of physiologic sodium 
chlorid solution, was injected into the leg vein 

In the electrocardiograms (Table 6) taken from one-half to one and three- 
fourths minutes after the injection, the P waves, although occurring at regular 
intervals, bore no relationship to the Q-R-S complexes, the P-R intervals 
showing great variation Although the auricular rate was not much changed, 
compared with that before the injection, the ventricular rate was slowed to 
the extent of nearly two thirds of the auricular rate, and was slightly arrhythmic 
In the tracing taken from one and three-fourths to four minutes after the 
injection there was slight prolongation of the P-R intervals and slight slowing 
of both the auricular and ventricular rates, but no auriculoventricular dissociation 
was indicated 

Experiment 7 — Dog 7, a female, adult mongrel, weighing 8 kg, was electro- 
cardiographed with the vagus intact 

The animal was kept under ether anesthesia during the taking of the electro- 
cardiograms (Table 7) For the purpose of paralyzing the vagus, 0 5 mg of 
atropm sulphate, dissolved in 4 c c of physiologic sodium chlorid solution, 
was injected intravenously Four minutes later, when the effect of atropm 
had evidently been indicated on the electrocardiograph, 16 mg of histamm 
dichlorid, dissolved in 4 c c of physiologic sodium chlorid solution, was 
injected intravenously Before the injection of atropm, the dog showed sinus 
arrhythmia All complexes in the tracings were found to maintain their proper 
relationship to one another, but there was a cyclic variation of the heart 
rate from 200 to 240, or from 143 to 214 



Cj 

. C J 

Ut 

'C5£ 
Z a 

B 


r o 


•ft. 

r» 


o 

C£ 


u 

« 

< 

H 


« 


> !W 


© o © 

lF l- » 3 

ci Cl n 


/* © <M CJ 



W CO; 


fa coerce 
© o © 

fa ooo 


*o 

C3 

o 

,*fa 

o 

o q 


w c 
H4 2 

?« 

o c 

h -3 0 

P* 
c £ 


*C 

a 

o 

p. 

o 

>H 

P. 

u 


g ft 

(g CC 

^ in 
^ < 

a? 



fa 



6* 1 

■g g 

x; 'tf 

”"3 

cS 

'd 

Cl 

sS 

P4*0 

0 

0 > 

C5 O 

0 

s. 

fa^ 



a fa 


'O 

r 

o 

fa 

a 

a? 

fa 


TD 

K 

O 

fa 

a 

m 

& 


a o' 

'V 'V 


o 


o 


oo Cl O C M O H (M C I 'l I * ‘ ^ O o s 

K iq & (M c cj or- r: r- 7 ; ci J ci ci o 

Cl CI HrT^NNCl Cl 6l C'l c ' Cl Cl ^1 


c c m ft ri M c r io o o o 

co w oo © ©> >~ r- *— r^i ci / ■ 


C'l cl CM C'l C'l cl 


in ir i M *f* ift 

Cl Cl cl r-f rH C'l C'l CO Cl M C* Cl Cl CO 

I I II I I I 


tft i-*- I - ** IT »0 

OOOOnOH«CH'OCHrl 


»n 

« -h I- 1 ift »C r-( 




Cl C) ci •** -* ri -« co — ** »r eo 


r 4 f"n r 'rr J r H r'r l tH r ''**r'H 

ocoooooooo^oc© 


©©©©©©©©©©©COO 

©©©©©©COCO©©©© 


cO’HWr-HOCtftco^ cototf) 
nHH^r-r-r-OOO^-CO 
©©©©©©©0©0©©C© 


M f* J ^1 r <*) CO CO CO -ri t -* lC lO in 


& 


*•* 21 G 

rH £* P 

!» S “ 

”43 

3 £ £ 
>©> ofa 

•H 

a 

fa 


a 

HH B 

O CC 

CO 

o ^ 

%£$ 

^2 

22 w 


a 

B 

Cl 

o 

4-2 

CO 


q 5 
S B 

m in 

© CO 


q q 
a q 

SB 

lO lO 
(A 


O O 6 0 

»o 

Cl CO 1 


q q 
a a 

S S 

©in 

39 

o o 


3 3 

S A 

52 

mJ5 

CO © 

tH pi f 

o o < 

ift 

lCOtOl 


a a 
2 2 
as 

1 — N 


O -J 

HH 

- 1 } 


o 

u* 

fa 


Cj 

«<fa 

V* 

tej 


0) 


Id 

•J 

9 


S 


o 

M 

4-2 

o 

U 


fa 

rq 


to 

to 


/* 

u 


CJ Cl CN 


828 
Cl Cl CJ 


or . 

TT 


o s 

O f 


- / &* o O lO 
^ CO O to 


,1^00 


fa 


o O i* 

r— C*' ^1 


« 


G 

O 


r-UO 
cj q 
O « 

S -a 

■M O 
*-« t4 

’ o 


w to 
fa fa 

a 


* 


CO 

(i SS8 

^ ooo 


^•g|§£ 

-Sg“6 

C5-M O 

fa OtoO 


'd 

q 

q 

fa 

'd 
01 
•, -*G 
CO (y 

5 o 


'd 

q 


fa 


fa 

ds 


to 

to 

« 

/ 

M 


fa 

03 


to 

to 

G 

fa 


jOHOoir^m-i'Ocioio^osici 

- h M rt r W H !" h H ?J M t ) N 

- rH r< r~* rH — . r-^ H ^1 Cl Cl C| Cl r*i Cl cl Cl 


& ^ TJ •? O ^ £1 co ^ O ci c tr p ( o io 


3 1 1 : O O ift O O o v k* >n C O C if i" iO 
»— •COlO' r T Cir-ltl^O r-t»— 'pH''] Hfi|£*'t-HCT'CI 


C O O i** O O c o O ** »0 O o C O ‘O 

rir-eir-f— ^-^-^-Or-*r-HOOOO— '•-( 


iocoi''Oi!'‘*rCoococif'C 
r ccc r f ** r w w ,1 w c5 »f 0“ • 


OOOOOOOoOiOOOiOu^OCC 
ClOOOOOOorHoOClr-iOClC c 


o »o o i** O o o lo »r o »o »o »r> ic o o 

nfrltinClM C'iMOr-rHH^COr-f'lf^ 


G| OOO CO 00 O w C^'n' -r i- O Cl Cl ^1 lO r\ ~ rl 
^ O O *— Hr->(MH T HrT*MrHr'HriHrHr-H 

to ooo o oo Ooo o © o o o oo oo o o 


£$s© 

fa ooo 


O ► 

fa 


g c / ' W C? -h CO -ti cl CO C"' Cl CO er< C" fr* CO 
60 O 0 OOO 60060 OOCO 
OOOOOOO OOOOOOOc 00 


J^Of-tCO 

rH Cl Cl Cl 1- 1 rH 

2©999 V9 p S Sggg^gg 

^ ^ * P CO ^l Cy p| p pi p p p^ p p^ p^ 

OO o o o o 




M ci Cl ci ^ j Hj cl ri c^> -o co ri« -r 10 »c >ft 




W W Ifi 

tfl 



d 0 0 

O 



333 

q 



q q q 

q 


•M 

« §22 

B 


O 

rH 

0 SolS 

in 

Cl 

s 

M 

0 

O © r-l ?-H 

O 

in 

rH 

■S 9 

•g g 0 0 0 

0 

Cl 

>> 

§B 

9 « 

4-2 

O </} 

2 2 >(> in in 
goNl' C'l 
-■“©©« 

m 

rH 

q 

►-t 

tH*~ 

O ^ 

2 



OJ 

«-i £ 



CP 

*1* & 



q q q q q 
q q q q a 


1- Co CO rH h 

T—i r-H 

OOOOO 

l^oSoo 

i— CTJ CO r~ r—> 


a q q j 
5 5 S i 

10 »C ift >' 
Cl Cll^ c 
Cl to O 1 

rinrir 

O o O ( 

4-> 4-» 4-» 4 

00 in < 

^sj (£> O 1 


618 


ARCHIVES OF INTERNAL MEDICINE 


After the injection of atropin, sinus arrhythmia disappeared completely 
The P-R intervals were slightly shortened, and the heart rate was accelerated 
Immediately following the injection of histamm, the P-R intervals were 
markedly prolonged, and every second P wave was not succeeded by the 
ventricular complex The ventricular rate was reduced to about one-half 
the auricular rate This period of partial heart block was followed by a 
period of complete auriculoventricular dissociation The P waves lost their 
proper relationship to the Q-R-S complexes, and the P-R intervals were 
variable The ventricular rate, which had been much slowed, showed a tendency 
to approach the auricular rate At the end of the period of eight minutes 
after the injection of histamm, there was no indication of the auriculo- 
ventricular dissociation, but the P-R intervals were still prolonged As the 
accelerated rate had continued, the P waves were superimposed on, or buried 
in, the preceding ventricular complex A part of the tracing, therefore, 
resembled that of nodal rhythm Thirteen minutes after the injection, nothing 
abnormal was found in the tracing, except slightly prolonged P-R intervals 
and diminished amplitude of Q-R-S complexes Absence of the sinus arrhythmia 
and presence of the accelerated rate suggested that there was still paralysis 
of the vagus induced by the atropin 

Experiment 8 — Dog 8, a female, adult mongrel, weighing 12 8 kg, had 
both vagi divided, under ether anesthesia, forty r minutes before the experiment 
For the purpose of paralyzing the vagi completely, 1 mg of atropin sulphate, 
dissolved in 4 cc of physiologic sodium chlond solution, was injected twice 
intravenously, with an interval of ten minutes Twenty-six milligrams of 
histamm dichlorid, dissolved in 4 c c of physiologic sodium chlorid solution, 
was injected intravenously five minutes after the second injection of atropin 

During the taking of the electrocardiograms (Table 8), the animal was 
kept under ether anesthesia There were no notable changes in the electro- 
cardiogram after the injection of atropin A continuous electrocardiographic 
tracing in the second derivation was taken, from one to ten minutes follow- 
ing the injection of histamm From one to four minutes after, complete 
auriculoventricular dissociation occurred The P waves occurred at regulai 
intervals, but bore no relationship to the ventricular complexes, the P-R intervals 
being variable The P waves often were superimposed on the R or T waves 
Synchronous occurrence of the P waves with the R or the T wares was 
indicated by a conspicuously greater amplitude of the latter The auricular 
rate was slightly slowed The ventricular contractions were arrhythmic and 
of lower rate than the auricular Toward the end of four minutes, the ventric- 
ular rate was approaching the auricular 

From five to seven minutes after the injection of lustamin, both the auricular 
and the ventricular contractions occurred at the regular and the similar 
intervals In the first part of this period, the P and the T waves occurred 
symchronously, producing single waves of comparatively high amplitude In 
the last part of the period there was still the confluence of the P and the T waves 
although their peaks were distinguishable from each other From eight to 
ten minutes after the injection of histamm, nothing abnormal was noted, 
except a more or less lengthened conduction time 

Experiment 9 — Dog 9, a female, adult mongrel, weighing 10 7 kg had both 
vagi divided, under ether anesthesia, thirty minutes before the experiment 
During the taking of the electrocardiograms (Table 9), the animal was kept 
under ether anesthesia One milligram of atropin sulphate, dissolved m 
4 cc of physiologic sodium chlorid solution, was injected intravenously Nine 
minutes later, 22 mg of histamm dichlorid, dissolved in 2 c c of physiologic 
sodium chlorid solution, was injected intravenously A continuous electro- 
cardiographic record in the second derivation was taken from one-fourth to 
five and one-half minutes after the injection of histamm Six minutes after 
the injection of atropin, there was a gradual decrease m amplitude of the 
P waves, as well as of the Q-R-S complexes The R waves were slurred 
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The electrocardiogram, taken about fifteen seconds after the injection of 
histamm, showed prolonged P-R intervals and slightly increased amplitude of 
the P and R waves Both the auricular and the ventricular rates were equally 
diminished, neither dissociation nor arrhythmia being shown From one-half 
to two minutes after the injection of histamm, a complete auriculoventricular 
dissociation was indicated by the absence of regular relationship between the 
P waves and the Q-R-S complexes, the P-R intervals varying considerably 
The ventricular complexes occurred at abnormal intervals, that is, every fourth 
or fifth interval, and during the latter stage of this period every sixth or seventh 
interval was irregularly prolonged, by from 30 to 50 per cent, as compared 
with the others which were nearly regular, although slightly longer than those 
of the auricular From one to one and one-half minutes after the injection 
of histamm, instead of the P waves there occurred irregular waves, varying in 
rate, amplitude and contour, which appeared to reveal coarse, auricular fibrilla- 
tion or impure flutter More than two and one-half minutes after the injection 
of histamm, there was a considerable delay in the auriculoventricular con- 
duction, but no dissociation The heart rate was regular, though still slowed 
The P waves were notched at the beginning of the period 

COMMENT 

As has been shown m the foregoing electrocardiographic records, 
intravenous injection of histamm dichlorid, 2 mg for each kilogram of 
body weight, causes prompt changes in the auriculoventricular con- 
duction A delay in the conduction is clearly indicated by the lengthen- 
ing of the P-R intervals In twelve noirnal dogs with intact, as well as 
divided, vagi, kept undei ether or urethan anesthesia, the P-R interval 
was found to range from 006 to 0 11 second, and to aveiage 0 08 second 
Within one minute after the injection of histamm, the conduction tune, 
when it could be measured, was lengthened to more than 0 13 seco'nd, 
and m an extreme case, to 0 32 second In the records taken as early 
as fifteen seconds after the injection of histamm, the prolongation of the 
conduction time was already evident The return to the normal range of 
the conduction time occurred at the points of from two to thuteen 
minutes, an average of seven and one-half minutes after the injection 
Complete return to the original conduction time was attained at from 
eight to nineteen minutes (an aveiage of twelve and one-fourth 
minutes) after the injection Complete auriculoventricular dissociation, 
partial heart block or both occurred in each instance following the 
injection Three of nine dogs showed periods of both complete and 
partial heart block, four, complete auriculoventricular dissociation, and 
two others, only partial heart block In four cases m which the 
electrocardiograms were taken as early as fifteen seconds after the injec- 
tion of histamm, in three the period of partial heart block developed 
first, and it turned into that of complete auriculoventricular dissociation 
at from one to one and one-half minutes after the injection In 
another case, complete auriculoventricular dissociation began one-half 
minute after the injection, without a preceding period of partial block 
The complete or partial heart block disappeared at the end of the periods 
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of from one and thiee-fouiths to seven minutes (average four and 
one-half minutes) after the injection of histamm Not infrequently, 
ventricular arrhythmia attended the aunculoventncular dissociation 
Sometimes periodic occurrence of partial heart block produced irregular 
pulse The impairment of the conduction, as described, seems not to 
be influenced by the administration of ether, urethan or procam for the 
purpose of anesthesia (Fig 4) 

Depression of the aunculoventncular conduction of the impulse 
may be induced by stimulation of the vagi, as has been shown by 
Mackenzie, 0 and by Robinson and Draper 10 The depression of the 
conduction resulting fiom the admmistiation of digitalis is partially 01 
completely removed by atropm, as reported by Cohn and Fraser, 11 and 
by White and Sattlei 12 That histamm may stimulate the vagi has 
been suggested by r a number of mvestigatois According to Barger 
and Dale, Dale and Laidlaw, and Ackermann, 13 histamm possesses a 
weak pilocarpm-hke action on the glands, which can be completely 
abolished by atropm Keeton, Koch and Luckhardt 11 assert that the 
stimulating effect of histamm on the gastric secretion can be inhibited 
by atropm, but not completely, if the histamm is given in large doses 
So far as I know, howevet, the disturbance m the aunculoventncular 
dissociation due to histamm cannot be prevented by the paralyzing of 
the vagi In most of the animals in this series, the vagi were divided 
To some of them, also, atropm was given in doses moie than sufficient 
to paralyze the vagi completely According to Pilcher and Sollmann, 15 
the dosage of atropm required to paralyze the lagi of dogs completely is 
between 0 01 and 0 075 mg for each kilogram of body weight, and 
its maximal effect lasts for from five to twenty minutes In the present 
experiments, from 0065 to 0156 mg of atropm sulphate for each 
kilogram of body weight was injected intravenously^ and the changes 

9 Mackenzie, J Definition of the Term “Heart-Block," Brit M J 2 
1107-1111, 1906 

10 Robinson, G C , and Draper, G Studies with the Electrocardiograph 
on the Action of the Vagus Nerve on the Human Heart, II, The Effects of 
Vagus Stimulation on the Hearts of Children with Chronic Valvular Disease, 
J Exper Med 15 14-48, 1912 

11 Cohn, A E, and Fraser, F R Certain Effects of Digitalis on the 
Heart, J Pharmacol & Exper Therap 5 512, 1913-1914 

12 White, P D , and Sattler, R R The Effect of Digitalis on the Normal 
Human Electrocardiogram, with Especial Reference to A-V Conduction, J 
Exper Med 23 613-630 (May) 1916 

13 Ackermann, D Ueber den bakteriellen Abbau des Histidins, Ztschr f 
physiol Chem 65 504-510, 1910 

14 Keeton, R W , Koch, F C , and Luckhart, A B Gastrin Studies 
Response of Stomach Mucosa to Food and Gastrin Bodies as Influenced by 
Atropm, Am J Physiol 51 469 (April) 1920 

15 Pilcher, J D , and Sollmann, T Quantitative Studies of Vagus 
Stimulation and Atropm, J Pharmacol & Exper Therap 5 317-340, 1913-1914 



624 


ARCHIVES OF INTERNAL MEDICINE 


in the conduction due to histamm were produced at from four to nine 
minutes after atropin had been administered It is evident, therefore, 
that the distuibances m the auriculoventricular conduction occurring 
after the injection of histamm are not due to stimulation of the vagus, 
neither its centers nor its endings 

As Roaf and Sherrington , 16 Lewis, Mathison and Oppenheimer 17 
have shown, asphyxia causes piofound disturbances m auriculo- 
ventricular conduction, the development of which is independent of the 
central nervous system According to the results of electrocardiographic 
investigation by Lewis and his collaborators, the delay m the conduction 
and the heart block occur regulaily within a few minutes of the 
cessation of respiratory ventilation in the intact cuiarized animal with 
or without vagal section, in the decerebrated and the spinal animal, and 
after atropimzation It is well known that histamm causes promptly 
severe respnatory difficulties, presumably by strong constriction of 
bronchioles and pulmonary vessels Such embairassment m the func- 
tioning of the lung and its circulation may result m acute asphyxia 
which is capable of inducing heart block, as has been shown Greene 
and Gilbert , 18 studying the blood pressure and electrocardiographic 
changes m dogs during extreme want of oxygen, showed that, m 
asphyxiation, there occuried inverted 01 suppiessed P waves, partial or 
complete heart block, sometimes reversed rhjthm, and ectopic beats 
They noted, however, the complete disappearance of these changes 
after section of the vagi Willius 19 obtained electrocaidiogiaphic 
records from dogs, all of whose vessels leading to and fiom the heart 
were simultaneously and completely clamped, and demonstrated the 
occurrence of various types of nodal lhythm, smo-auricular block, 
delayed auriculoventricular conduction, and complete or partial heart 
block m this condition He obseived fuither, that aftei section of the 
\agi, an exactly similar procedure was not followed by the appearance 
of any of the foregoing changes The disturbance of the heart’s 
action induced by the injection of histamm in the present experiments 
is decidedly different from those observed by Greene and Willius in 
asphj^xia m that the former still occurs after vagal section oi 
atropimzation 

16 Roaf, H E , and Sherrington, C S Further Remarks on the Mammalian 
Spinal Preparation, Quart J Exper Physiol 3 209-211, 1909-1910 

Lewis, T , and Atathison, G C Auriculoventricular Heart-Block as a 
Result of Asphyxia, Heart 2 47-53, 1910-1911 Lewis, T , and Oppenheimer, 
B S The Influence of Certain Factors on Asphyxial Heart-Block, Quart 
J Med 4 145-152, 1910-1911 

18 Greene, C W , and Gilbert, N C Blood Pressure and Electrocardio- 
graphic Changes in the Dog During Extreme Oxygen Want, Am J Physiol 
55 307-308, 1921 

19 Willius, F A Changes in the Mechanism of the Human Heart Pre- 
ceding and During Death M J & Record 119 xlix-liv (March 19) 1924 
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There have been various clinical and anatomic obseivations sug- 
gesting that coronary scleiosis may be one of the mipoitant etiologic 
factors of the heart block, and that some ischemia of the auriculoven- 
tricular bundle may be responsible foi the diminution and its con- 
ductivity According to Dale 20 and his co-ivoikeis, histamm, if 
injected intravenously in a laige dose, pioduces stiong constriction of 
the arteries and oligemia due to letardation of blood flow in relaxed 
capillaries, and loss of plasma through abnormally peimeable capillaries 
It seems not unlikely that such rascular disturbance may interfere with 
the adequate blood supply of the tissues of the heart, and contribute to 
the development of impaired auriculoventricular conduction Further 
investigations aie desnable to establish the point whether or not histamm 
possesses a dnect depiessoi action on the auriculoventricular bundle 
Taylor 21 reported a case of tiansient heait block due to intestinal 
toxemia A similar case was observed by Hnschfeldei 22 who asseited 
that ptomaine poisoning oi auto intoxication due to severe gastio- 
mtestinal disturbance maj give rise to the heai t block Mellanby 23 
suggested that some type of severe gastrointestinal distuibance with 
diai rhea and -vomiting m childien may be due to absoiption of histamm 
oi the histamin-hke substance foimed in the intestinal tract Geraid 24 
suggested that histamm may be lesponsible foi the toxemia in cases of 
intestinal obstruction The piesent investigation adds fuithei evidence 
that histamm can cause staking disturbances m the aunculoventriculai 
conduction 

SUMMARY 

Histamm, if injected intiavenously into dogs in a dose of 2 mg 
of its dichloud for each lologiam of body weight, piomptly caused a 
delay m the aunculoventriculai conduction, and tiansient, complete or 
partial heait block The aveiage duration of the delayed conduction was 
approximately twelve minutes following the injection of histamm, and 
that of heait block foui and one-half minutes The foiegomg dis- 
tuibances in conduction occui even aftei vagal section oi ati opinization 

20 Dale, H H, and Richards, A N The Vasodilator Action of Histamm 
and of Some Othei Substances, J Physiol 52 110-165 (July) 1918 Dale and 
Laidlaw (Footnote 5) 

21 Taylor, F L A Case of Transient Heart Block Due to Intestinal 
Toxemia, J A M A 50 1246-1247 (April 18) 1908 

22 Hirschfelder, A D Diseases of the Heart and Aorta, Ed 3, Phila- 
delphia, J B Lippincott Company, 1918, p 581 

23 Mellanby, E An Experimental Investigation on Diairhea and Vomiting 
of Children, Quart J Med 9 165-215, 1915-1916 

24 Gerard, R W Chemical Studies on Intestinal Intoxication, I, The 
Presence and Significance of Histamm m an Obstructed Bowel I Biol Chem 
52 111-124 (May) 1922 



MEASUREMENT OF THE BODY SURFACE IN 
MEN AND IN WOMEN - 


ROBERT FAILLIE, MD 

PARIS, FRANCE 

Practical determination of the body surface is a question of the 
highest importance, as indicated by the numerous contributions on the 
subject The present discussion deals with a practical method for 
making such determinations First, however, it is well to review the 
work of the physiologists, which is employed by physicians as a basis 
Recent clinical studies of the basal metabolism have confirmed the 
importance of the law that surface is an important factor in animal 
thermogenesis 1 This law, perceived by Bergman, 2 in 1848, was first 
fully formulated by Rubner, 3 m 1883, following his combustion tests, 
and by Richet, 4 whose studies of 1884 and 1885 refer to calorimetric 
measurements It shows that animal thermogenesis is fundamentally 
expressed m terms of the cutaneous surface, and not on the volume or 
weight Figures obtained by various observers appear in the accom- 
panying table 


Comparative Body Measurements of Different Observers 


Observers 

Body Weight, 

Gross Calories 

Calories per 

kg 

of the Ration 

Square Meter 

Rubner 

67 

3,094 

1520 

Volt and Pettenkofer 

TO 

3,054 

1,470 

Lapicque and Marette 

T3 

3,027 

1,420 

Hirschfeld 

T3 

3,318 

1,560 

Tsubci and Murato 

46 

2,355 

1,430 

Kumagaaa 

4S 

2,478 

1,550 


This table shows the practical constancy of heat expenditure per 
square meter, regardless of variations in body weight Voit’s statement 
that heat expenditure for animals analogous with respect to this single 
factor is uniformly equivalent to 1,000 calories pei square meter has 
been cleaily proved inexact by M and L Lapicque ^ The latter have 

* These results were first reported, Feb 25, 1924 

* Translated by Theodore C Merrill, Paris, 10 bis rue Herran 

1 Benedict, F G, and Talbot, F B Metabolism of Growth fiom Birth 
to Puberty, Carnegie Institute Publication, No 302, 1921 

2 Bergman Warmeokonomie der Thiere, Gottingen, 1848 

3 Rubner, M Ueber den emfluss der Korpergrosse auf Stoff und Kraft- 
wechsel, Ztschr f Biol 19 545, 1883 

4 Richet, C Mesure des conbustions respiratoires chez le chien, Arch f 
Physiol 2 17-30 (Jan) 1890, Mesures de calorimetrie, Arch f Physiol 6 237, 
450-497 (Aug -Sept ) 1885 

5 Lapicque, M, and Lapicque, L Compt rend Soc de biol 66 289 
(Feb 20) 1909, ibid 66 528 (March 27) 1909, ibid 67 337 (July 31) 1909, 
ibid 70 375 (March 11) 1911, ibid 70 737 (May 13) 1911, Bull Soc d’hyg 
aliment, Nos 5 and 6, 1911, Bull du Museum d’hist nat, No 1, 1911, P 2, 
Compt rend Acad d sc Tune 13 1921 p 1526 
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shown the merely approximate nature of the law of surface, m tests 
made with various animals and at various temperatures The law is 
strictly applicable only at a certain external tempeiatme characteristic 
for each animal species, in which conditions of heat production and heat 
expenditure required to pioduce equilibrium are also chaiactenstic At 
the specific temperature, the total heat loss due to various physical condi- 
tions is equivalent to the heat derived fiom the basal metabolism Evi- 
dently, then, sweeping application of the sui face law to all animal 
species must pioduce inexact findings 

Benedict has recently revived Volt’s theory that basal heat loss is 
proportional to the total nitrogen of the oigamsm, lathei than to its 
surface Foi normal oiganisms, the conclusions of Lapicque and of 
Benedict may perhaps be harmonized by a relation possibly existing 
between the cutaneous surface and the protoplasmic mass of the body 
Apart from such lestnctions, however, suiface is undoubtedly the 
fundamental element permitting scientific estimation of the basal metabo- 
lism, or work, as proved by comparison with results derived from 
analyses of the respiratory gases While analytic methods of this land 
have been highly perfected, methods and formulas foi estimating the 
body surface are yet debatable, because direct measui ements involve 
much labor and difficulty, and have been rarely made The 'various 
empiric formulas available diffei considerably 

Direct measui ements of the body surface have utilized three main 
methods The first, employing geometric figui es traced on the skin, was 
used by Meeh , 6 Fubim and Ronchi , 7 Bouchard , 8 Letulle and Pompilian , 9 
and Lassabhere 10 In the second process, the body sui face is calculated 
by finding the total area of paper, tin foil or similar matenal requned 
to cover the surface of the body, or by weighing the material so 
employed Funke 11 adopted this method foi the fiist time, sticking 
squares of paper of known area on the skin of a cadavei Lissauer , 12 
Vanot and Samt Albm , 13 the Du Bois 11 brothers and otheis have 

6 Meeh Oberflachenmassungen des menschhngen Korpers, Ztschr f Biol 
15 425, 1879 

7 Fubim and Ronchi Ueber die perspiration der CO. beim Menschen, 
Moleschotts Untersuchungen, 3, Naturlehre, 1881 

8 Bouchard Compt rend Acad d sc, 1897, p 845, Traite de pathologie 
generate, Paris, 3 200-384, 1900 

9 Letulle and Pompilian Bull Soc d’hyg aliment, 1906, p 708 

10 Lassabhere Compt rend Soc de biol , 1910, p 339 

11 Funke Moleschotts Unters, 2, Naturlehre 4 36, 1858 

12 Lissauer Oberflachenmassungen an Sauglmgen und ihie Bedeutung 
fur Nahrungbedarf, Jahrb f Kmderh , 1902, p 392 

13 Vanot and Saint Albin Bull Soc de pediat de Pans 5*307, 1903 

14 Du Bois, D , and Du Bois, E The Surface of the Body, Arch Int 
Med 17 863 (June) 1916 
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employed it The third process, m which the surface of adhesive band- 
ages applied to the body is estimated, has been chiefly employed by 
Bergonie and Sigalas 

Other ingenious methods have been devised Roussy traces figures 
on the slun, measuring them by means of two small rollers placed at the 
ends of an axle bearing a revolution counter The number of revolu- 
tions made by the lolleis is supposedly proportional to the surface over 
which they travel This method is fairly exact D’Aisonval converts 
his subject into a Leyden jar, measuring the quantity of electricity 



Abacus for measuring the human body 


required to charge the body surface Utilizing measui ements made in 
six adults and ten childien, Meeh has established an empiric formula 
based on the mathematical i elation according to which the surfaces of 
similar solids are pioportional to their volumes as raised to the two- 
tlurds power, or the cube root of the squaie of the volumes concerned 
In this case, volume is repiesented by weight By this method, Meeh 
determined the constant 12 312, applicable to adults, and another con- 
stant, 119, for use with children These constants multiplied by the 
cube root of the square of the body weight should supply the body sur- 
face When compared with direct measurements, Meeh’s method pioves 
to involve error sometimes reaching 33 per cent 
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Minute review of all the studies made on the subject is scarcely 
necessary The conception and technic originated by Bouchard, how- 
ever, are fundamental and merit special attention His critical discus- 
sions show the large error produced when body weight constitutes the 
sole criterion, such erroi maximally reaching 33 per cent Bouchard also 
shows that estimates based only on height and weight may cause error 
of 15 per cent, and proves still further that the error is very small with 
formulas utilizing the fundamental constant constituted by the anthro- 
pometric segment in association with the girth, or circumferential 
measurement as made at the level of the umbilicus by tailois The 
anthropometric segment consists of the ratio of the weight, expressed 
m kilograms, to the height, expressed in decimeters It is thus equiva- 
lent to the average weight per decimeter of the subject’s height 

The discussion and conclusions contained within the piesent paper 
are based on some eighty measurements made directly on persons 
varying greatly in size The method employed was the laborious but 
exact one of triangulation Bouchard’s successors seem verj imper- 
fectly acquainted with his masterly work, the Du Bois brothers and their 
followers accepting formulas which Bouchard has proved incorrect b) 
actual figures The Du Bois brothers base their weight-height formula 
on five direct measurements and on certain hypothetic estimates They 
assert that Bouchard’s methods are unduly complicated It is intended 
here to show that Bouchard’s formulas may be readily utilized in the 
construction of an abacus, or graph, that is very simple and practical 

Bouchard’s 1G formulas for men and women, as indicated by Broca, 10 
maj be expressed in the form 

S = ACH + Bt+DH^ ^ 

In this equation, A, B and D are constants C represents the girth, 
or circumferential measurement of the abdomen, expressed m centi- 
meters, H, the height in decimeters, and P, the weight in kilograms 
If the foregoing equation is simplified by dividing its terms by H, its 
equivalent is the following 

= a C + b £ + d 

a, b and d are values expressing the ratio of the weight to the height 
In other words, they solely represent functions of the relation Weigllt 

m< c Height 

the proportion jj represents the surface of the anthropometric seg- 
ment The values of a, b and d, deducible from Bouchard’s formulas, 
are graphically indicated by Bioca 10 


15 Bouchard Compt rend Acad d sc 124 848 (April 20) 1897 

16 Broca, Andre Precis de physique medicale, pp 47 and 48 
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The abacus, or graph, here presented has been constructed from the 
values thus shown in the foregoing Its curves, or tiacings, show the 
surface of the anthropometric segment, or relation, as employed 

in connection with the girth, C For utilizing the graph, the weight- 
heieht ratio must be ascertained, weight being expressed in 

kilograms and height m decimeters The girth, C, is stated m centi- 
meters Its value in the given case is sought on the abscissa At the 
point corresponding to this value, a perpendicular is elected and con- 
tinued upward until it meets the curve corresponding to the given 
W e ig h t ratl0 -ppjg p011lt 0 f intersection, projected on the ordinate for 

Height 1 11, 

men or for women, as the case may be, gives a reading which expresses 
the W r JW ratl0> or surface of the anthropometric segment The sur- 
face, S, is then easily calculated by multiplying the quotient representing 
the ratio by the given height This total surface is stated in square 
decimeters 

The graph may be used easily and rapidly It is hoped that it may 
supply exactness for estimating metabolism, and without being more 
complicated than the less accurate devices of the kind already existing 
The curves are particularly interesting because they show that anthro- 
pometric segments possess minimal circumferences If the circum- 
ference diminish, the sui face increases and the ratio is maintained 

only through compensation afforded by increased development of the 
limbs, or by some malformation If the circumference increase, the 
anthropometric segment represents that one corresponding to a lesser 
body height, the condition present being one of obesity Since the 
minimal surface corresponds to the minimal basal metabolism, or con- 
dition fundamental for providing the maximal output of energy, a 
physiologic relation, oi canon, exists between the guth, or abdominal 
circumference, and the anthropometric segment This physiologic 
canon suggests, and may be interestingly compaied with, the esthetic 
canon of proportions devised by Leonardo da Vinci for the correct 
pictorial or sculptural representation of the human figure 

The flattening of the curves m the graph shows that the physiologic 
limits are somewhat elastic for moderate anthropometi ic segments 
For small segments weighing less than 2 kg per segment, physiologic 
conditions cease to exist, the subject presenting a maiasmic state For 
segments weighing 6 kg each, a limit beyond which the subject becomes 
obese, the corresponding physiologic girth is 110 cm In other words, 
the canon is normal and physiologic under these conditions Above and 
below the circumference of 110 cm, surface increases rapidly, and 
obesity appears With anthropometric segments heaiiei than 6 kg 
each, the physiologic canon is annihilated, obesity exists, and the condi- 
tions present are pathologic 
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For terminating this paper, nothing could be more appropriate than 
the expression made use of by Bouchai d m closing his work on general 
pathology 

The exposition of all this has been much prolonged Still more time has 
been required for conceiving and executing it The object of so much time 
and trouble has been to save time and trouble for those who wish to under- 
take such studies The result may perhaps be identical with the object 
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II A COMPARISON BETWEEN TOTAL BLOOD VOLUMES DETERMINED BY 
PLASMA VOLUME METHODS AND BY A NEW CORPUSCLE 
VOLUME METHOD * 

WINIFRED ASHBY, PhD 

ROCHESTER, MINN 

The method of measuring total blood volume by determining the 
degree of dilution of the transfused corpuscles among the corpuscles 
of the recipient, previously described , 1 has been applied to cases of 
secondary anemia, primary anemia, and hemorrhage resulting from 
operation, the results obtained are compaied with the data already on 
record derived by the use of vital red m similar groups of cases Since, 
as has been shown, this method is based on a determination of cor- 
puscle content, a comparison of the results obtained by it with those 
obtained by a method in which the whole blood volume is calculated 
fiom a detei mined plasma volume is of interest because of its bearing 
on the problem of the uniformity of distribution of the red corpuscles 
m the circulation 

The means of measuring plasma volume are numerous The most 
satisfactory is the injection of a substance, soluble m the plasma, and the 
subsequent determination of its degree of dilution Among the sub- 
stances used for injection are tetanus antitoxin, gum acacia, hemo- 
globin and various dyes, but the only considerable amount of clinical data 
on blood volume has been collected by the use of the dye method, 
introduced by Keith, Rowntree and Geraghty 2 The results obtained by 
the various methods are, in general, m agreement There are only two 
methods for measuring the corpuscle volume of the blood, aside fiom 
that introduced in this study One of these involves the death of the 
animal, and consists of bleeding and washing out the hemoglobin, this 
is open to the objection that all the hemoglobin may not be removed 
The othei, which consists of the measurement of the degree of dilution 
of carbon monoxid m the hemoglobin contained m the body, is open to 
the objection that the hemoglobin m the muscles may also take part 

"From the Mayo Foundation 

1 Ashby, Winifred Blood Volume, I, A Method for Determining Whole 
Blood Volume, Based on the Circulating Corpuscle Volume, Arch Int Med 

2 Keith, N M , Rowntree, L G , and Geraghty, J T A Method for 
the Determination of Plasma and Blood Volume, Arch Int Med 16 547-576 
(Oct) 1915 
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m the dilution of the known amount of carbon monoxid resulting m too 
high an estimate for the blood corpuscle content Both methods, how- 
ever, on calculation of the whole blood volume from the corpuscle 
volume, give lower values (7 per cent ) than are obtained by a calcu- 
lation of the whole blood volume from the plasma volume 

The greater blood volumes obtained by the determination of plasma 
volume have been explained on the basis of appreciable loss of the 
injected substance, soluble in the plasma, befoie complete nuxmg has 
taken place Lamson and Rosenthal, 3 who have studied the initial 
changes which take place in the dilution of vital red after injection, 
find irregularities which, on the assumption of a constant volume during 
the time of examination, they attribute to irregularities m the relative 
degree of mixing and rate of disappearance from the circulation, and 
consider that there is indication that mixing is not complete before 
appreciable elimination takes place Whipple, 4 on the other hand, with 
much reason, calls attention to the wide range in the physical and chem- 
ical properties of the substances used for the test, and the similarity of 
the results obtained with them, arguing that if theie were an appreciable 
loss before complete mixing took place, it should be markedly different 
with these very dissimilar substances, and should cause a greater difference 
in lesults Whipple 4 considers that the methods of measuring plasma 
volume give correct results, as does the measurement of corpuscle 
volume by carbon monoxid, and that the discrepancy between the whole 
blood volumes calculated from each is due to an uneven distribution m 
the corpuscles during the course of their cn dilation, with the result that 
the hematocrit reading of a sample of blood taken from the vein fails to 
give an average relationship between corpuscle and plasma To meet 
the condition which the relative findings of the two methods would 
necessitate, a larger proportion of corpuscles must be present in the 
vessels from which the blood specimens for the hematocnt readings are 
taken than elsewhere Whipple offers the suggestion that this relation- 
ship is brought about by the presence of a larger proportion of “clear 
space” as the blood passes into the smaller vessels and capillaries 
Krogh, 5 however, as a result of direct observation of blood in the process 
of flow through the capillaries, does not consider that this would be a 
factor As a matter of fact, counts made on the blood taken from the 

3 Lamson, P D , and Rosenthal, S M The Inadequacy of Our Present 

Blood Volume Methods, Am J Physiol 63 358-367 (Jan ) 1923 

4 Arnold, H R , Carrier, E B , Smith, H P , and Whipple, G H 

Blood Volume Studies, V, The Carbon Monoxid Method Its Accuracy and 

Limitations, Am J Physiol 56 313-360 (June) 1921 

5 Krogh, August The Anatomy and Physiology of the Capillaries, New 
Haven, Yale University Press, 1922 
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ear, simultaneously with that from the basilar vein, will be found to be 
equal, or the count of the blood from the ear will be greater Since 
the blood from the ear is deuved largely from small vessels and capil- 
lanes, this finding does not support the explanation of the discrepancy 
between the two methods The work of Scott 0 also argues in favor 
of an evenness of distribution of the coipuscles m the circulation 

The method for determining blood volume described in the first 
article of this series 1 consists of the injection of unlike group corpuscles 
by transfusion, and their subsequent separation from the recipient’s 
corpuscles by means of a serum which agglutinates the recipient’s cor- 
puscles With data on the numbei of corpuscles injected, the degree 
of dilution may be determined Assuming that the transfused corpuscles 
mix evenly with the native corpuscles and follow the distribution of the 
latter, the method is based on corpuscle content Therefore, if there 
should be any irregularity in the distribution of the corpuscles m the 
circulation, the error, by this method, should be m the opposite direction 
to that which would occur with a method based on plasma volume 
detei mination Although the method is technically not highly accurate, 
it has the advantage, because of the great stability of the unlike group 
corpuscles, of being free from any question as to whether mixing is 
complete before appreciable elimination takes place It is also free 
from the error which is mtnnsic to the carbon monoxid method, owing 
to the presence of the hemoglobin containing tissues outside the 
cnculation 

The technic described 1 has been followed, except that determinations 
have been made from blood taken from an ear puncture instead of from 
a venipuncture The greater part of the data given here was collected 
incidentally to a study of the rate of destruction of transfused blood , 
the advisability of using blood fiom the vein was not at the time recog- 
nized As the error due to using blood fiom the ear would be in the 
direction of too high a count, it will, when it occuis, have caused too 
small a blood volume It has apparently not been a factor of any 
importance as the volumes obtained have pioved to be large as com- 
pared with results obtained with the carbon monoxid method At tbe 
time when the greater part of this work was done, vital red was not 
a\ailable, and a simultaneous use of othei methods was not feasible 
Except for two simultaneous tests, the comparison of the results obtained 
by this method and by the method which measures the plasma volume 
and calculates the whole volume from it, depends on a comparison of the 
results obtained in smulai groups of cases 

6 Scott, F H Interchange of Fluid in Blood and Tissue Spaces, Am 
J Ph}siol 44 298 (Oct) 1917 
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In Table 1 are given the results of blood volume determinations by 
my method in a series of cases of anemia other than pernicious anemia 
The lesults are given in terms of cubic centimeters for each kilogram 
of body weight on the day of transfusion, and also a few days later, when 
a leadjustment after the transfusion may have taken place The 
amount of blood transfused for each kilogram of body weight also is 
given In seven cases, between 80 and 85 c c for each kilogram of 
body weight was found These volumes were usually maintained aftei 
transfusion The volumes are equivalent to the lowei volumes found 
m normal subjects by the vital red method, and reported by Keith, 

Table 1 — Blood Volume of Patients zvith Secondaiy Anemia Aftei a Single 

Tiansfusion 






Blood, C c 

Blood, C c 







for Each 

Transfused 

Dajs 





Red 

Kilogram 

for Eaeh 

Aftei 





Cell 

of Body 

Kilogram of 

Trans 


Case Age 

Sex* 

Count 

Weight 

Body Weight fusion 

Diagnosis 

9 

33 

$ 

3 9G 

96 

11 

0 

Pelvic tumor (second transfusion) 

IS 

35 

9 


S4 

9 

0 

Septic teeth, tonsillitis 

27 

46 

$ 

3 63 

62 

6 

0 

Ovarian tumor (obese) 





52 


4 


30 

27 

$ 

3 19 

81 

4 

1 

Splenic anemia 





SI 


6 

53 

39 

$ 

4 47 

81 

9 

0 

Exophthalmic goiter, color index 0 4 





85 


4 


66 

62 

d 

3 46 

80 

6 

0 

Banti’s disease with ascites 

99 

17 

9 

4 73 

104 

11 

1 

Malm in 





104 


28 


101 


9 

3 46 

58 

8 

1 

Uterine fibromas, constant bleeding 

117 


d 

1 99 

85 

6 

0 

Transfusion ten days after poste 





82 


3 

nor gastro-enterostomy 

118 

13 

d 

1 85 

104 

14 

0 

Hemolytic jaundice 

65 

11 

d 

1 99 

9S 

13 

0 

Lymphatic leukemia 





140 


3 






135 


9 


39 

55 

d 

3 12 

81 

7 

0 

Myelogenous leukemia 

115 

33 

9 

5 13 

57 f 


0 

Secondary anemia, septic, not 


r itionnl 


* In this table, d indicates male, $ female 
t Low volume maintained 

Rowntree and Geraghty From calculations based on the actual blood 
volume, the change m the red cell count resulting from transfusion, and 
the number of corpuscles transfused, which data will be given latei, 7 
it appeared that, in many cases, a greater increase in volume occurred 
than could be accounted for by the amount of blood transfused It 
would seem probable that, m cases of secondary anemia, transfusion 
tends to establish a normal blood volume In a case of malaria and m 
one m which the patient had leceived a previous transfusion, the 
higher volumes of 104 and 96 c c for each kilogram of body weight weie 
found Tests on two children gave values of 104 and 98, which adjusted 

7 Ashby, Winifred Blood Volume, III, Apparent Changes in Blood Volume 
Induced by Transfusion, and Their Bearing on Methods of Determining Blood 
Volume by Means of the Degree of Change in a Constituent of the Blood, Fol- 
lowing Transfusion of a Known Amount of That Constituent Arch Int Med 
35 641 (May) 1925 
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to 140 c c for each kilogram of body weight Low values of 62, adjust- 
ing after four days to 52, and of 58 and 57 were found in a very 
obese woman, a woman with constantly bleeding fibroids, and in a 
woman with septic anemia who was irrational 

On the whole, these figures for blood volume are definitely of the 
same order as those obtained with vital red, by the use of which a com- 
paratively large numbei of determinations have been made on a similar 
group of cases In the series of Keith, Rowntree and Geiaghty, a miscel- 
laneous group, five of which showed a reduced cell count gave the 

Table 2 — Blood Volumes of Patients Receiving Tiansfustons foi Pumaiy 

Anemia 







Blood, C e 

Blood, C c 


X umber of 






for Each 

Transfused 

Dajs 

Previous 




Weight 


Kilogram 

for Each 

After 

Trans 




m Kilo 

Red Cell 

of Body 

Kilogram of 

Trans 

fusions in 

Case 

Age 

Se\* 

grams 

Count 

Weight 

Body Weight 

fusion 

Senes 

20 

53 

d 

S3 2 


62 

4 

0 

0 






62 


3 


23 

55 

<3 

66 6 

1 23 

71 

6 

0 

0 





1 09 

71 


4 


26 

42 

d 

70 5 


72 

7 

1 

0 

43 

49 

d 

73 6 

1 95 

62 

5 

1 

0 

45 

44 

d 

6S2 

139 

60 

7 

2 

0 

54 

44 

d 

660 


69 

S 

0 

0 





1 59 

69 


3 


57 

63 

d 

71 3 

1 54 

55 

t 

0 

0 





1 55 

52 


2 


59 

52 

9 

67 7 

1 SS 

JO 

7 

6 

0 

60 

36 


(obese) 

2.03 

30 


4 


d 

61 0 

2 46 

6o 

8 

0 

1 

61 




2 40 

71 


4 


42 

d 

06 1 

1 70 

56 

7 

0 

0 





1 77 

61 


1 


68 

36 

9 

37 3 

213 

78 

13 

0 






160 

65 


3 


70 

62 

d 

54 4 

102 

54 

9 

0 

0 





1 28 

73 


1 


94 

55 

d 

76 0 

2 40 

91 

6 

0 

2 

97 




2 38 

66 


4 


42 

d 

70 5 

1 89 

75 

6 

0 

0 





2 19 

98 


1 


112 

63 

d 

63 0 


87 

6 

0 

4 





2 29 

73 


6 


210 




2 57 

84 


8 


51 

9 

45 4 

306 

75 

11 

1 

0 

43 

49 



319 

77 


5 


d 

691 

2 39 

85 

6 

0 

2 


* In this table, indicates male, $ female 

following volumes 93, 88, 84, 80, 92, 84, 114, 96, 96 and 91 In two 
cases of extreme secondary anemia, in which the red cell counts were 
1,070,000 and 1,500,000, respectively, the blood volume for each kilogram 
of body weight was 73 and 75 cc , while, m a case of malnutrition, it 
was 74 In a more lecent series, Keith 8 has reported a volume of 
6/ c c for each kilogram of body weight, and Bock 9 reports, for seven 
miscellaneous cases with an average cell count of 3,900,000, an average 

8 KeFh, N M The Total Circulating Volume of Blood and Plasma in 
Cases of Chronic Anemia and Leukemia, Am J M Sc 165 174-184 (Feb ) 1923 

? B , ock - V ,I he Constancy of the Volume of the Blood Plasma, Arch 
Int Med 27 83-101 (Jan) 1921 
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\ olume of 71 cc foi each kilogram of body weight In three cases of 
leukemia, Keith 8 finds values varying from 96 to 131, 100 to 123, 
87 to 102, and, m a case of Banti’s disease, a volume of 98 cc for each 
kilogram of body weight was found 

Blood volumes in seventeen cases of pernicious anemia are given m 
Table 2 Most of the patients received a series of three or more trans- 
fusions of 500 c c each, at intervals of about a week Some of the 
patients received tiansfusions for the first time, others had had a 
previous series of transfusions The average volume of twelve patients 
nho received either their first transfusion, or the first of the present 


Table 3 — Blood Volumes Found After Postopei ativc Tiansfusions 


Days Blood, C c 






After 


for Each 





Red Cell 

Opera- 

Trans- 

Kilogram of 

Case 

Age 

Se\* 

Count 

tion 

fusion 

Body Weight Operation 

22 

32 

cf 


4 

4 

85 

Posterior gastro enterostomy 





11 

11 

92 





4 30 

22 

22 

88 


3S 

32 

9 

2 95 

6 

5 

44 

Removal of multiple lipoma, 




2 92 

10 

9 

46 

Von Recklinghausen’s dis- 




3 67 

21 

20 

50 

ense, moderately obese 




307 

24 

23 

57 





3 75 

27 

26 

62 





400 

30 

29 

72 





4 29 

33 

32 

70 





4 11 

35 

34 

63 


50 

50 

cf 

4 40 

19 

12 

,81 

Choledochostomj and chole 




4 50 

27 

20 

98 

cystectomy 




4 67 

29 

22 

88 






31 

24 

90 


63 

33 

cf 

4 93 

0 

0 

39 

Nephrectomy 




3 12 

2 

2 

66 




4 42 

20 

20 

91 


84 

46 

9 

3 45 

0 

0 

29 

Carcinoma of the kidney. 




283 

1 

1 

36 

nephrectomy , obese 




3 72 

S 

8 

88 




4 20 

12 

12 

82 


114 


9 

3 63 

4 

4 

45 





3 49 

6 

6 

52 





3 14 

11 

11 

76 





3 47 

15 

15 

81 



* In tins table, cf indicates male, $ female 


series, was 65 8 , the average red cell count was 1 84 Bock, in a series 
of seven patients with pernicious anemia, found an average volume of 
57 (extremes of 43 to 73), but as the average cell count of these patients 
was 1 6, they were evidently in a poorer condition than those of the group 
tested by my method Keith 8 has reported the blood volume of a series 
of thirteen patients on some of whom multiple determinations were 
made The average of the first volume determinations made on each 
patient is 79 8 c c for each kilogram of body weight, and of the 
corresponding red cell counts, 1 76 These values for blood volume are 
higher than those found, m my series, for the first tiansfusion, the 
patients were presumably under treatment, while my figure of 65 8 was 
obtained from patients at the beginning of treatment In four cases 
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cited m Table 2, m which the unlike group transfusion from which the 
blood volume determination was made was not the first in the series, the 
blood volume for each kilogram of body weight was 63, 95, 96 and 85 c c 
Taking into consideration the probable difference in the condition of the 
patients, the figures for blood volume m my series of patients with 
pernicious anemia would seem to agree very well with those found by 
Keith and Bock with the use of vital red 

In the eight cases on record in which the carbon monoxid method 
was used to determine blood volume in patients with pernicious anemia 
the range as determined by Smith, 4 47 to 117, also is comparable to that 
found by the vital red method In cases of pernicious anemia, there is 
apparently not the discrepancy between the method of estimating blood 
volume by determining the serum volume and the method of estimating 
it from a determination of the corpuscle volume by the carbon monoxid 
method which appears in normal cases 

In Table 3 are given blood volume changes which have been found 
on recovery from operation with hemorrhage, requiring transfusion 
Comparable series are given by Keith 10 and by Robertson and Bock, 11 
m their studies of wounded soldiers These data on the blood volume 
are somewhat inaccurate, as the transfusions were given in emergenc), 
but are reasonably reliable 

The blood volumes finally established are comparable to those found 
by the vital red method for normal subjects, and for the recovered 
soldiers of Keith, following intravenous treatment The progress of the 
establishment is also similar to that found by Keith The blood volume 
of the moderately obese patient with Von Recklinghausen’s disease did 
not return to normal, although the patient lecovered satisfactorily This 
may have been due to a peculiarity of the patient, or to an inadequate 
estimate of the number of corpuscles transfused The very low blood 
volume of 39, found in Case 33, and of 29, found m the case of the 
obese woman, would seem lower than is probable As the blood speci- 
mens from which the blood volume determinations were made w ? ere 
taken from the ear, it is likely, in view of the great discrepancy between 
the ear and vein count found by Cannon 12 in shock, that these counts 
were unduly high, and consequently gave too low a blood volume 
reading, although Lee lo reports as low as 30 pei cent normal blood 
volume in wound shock 


10 Keith, N M Blood Volume Changes in Wound Shock and Primary 
Hemorrhage, Medical Research Council, 1919, Special Report No 27 

1 Robertson, O H , and Bock, A V Blood Volume in Wounded Soldiers, 
J Exper Med 29 1SS (Feb ) 1919 

22 Cannon, W B , Fraser, J, and Hooper, A N Some Alterations in 
70 526 531 "(Feb 23) "Si" ^ “ Sh ° Ck ^ Hemorrha S e ’ JAMA 

, 13 e . Le< :- R . 1 Field Observations on Blood Volume in Wound Hemorrhage 
and Shock, Am J M Sc 158 570-576 (Oct) 1919 
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Simultaneous tests were made by my method and by the vital red 
method on a patient with pernicious anemia, five days after transfusion 
had been given The determination was made from blood taken from the 
vein In this instance, the counts of blood specimens taken fiom the vein 
and fiom the ear were equal The volume foi the whole blood by the 
vital red method was 78 8, by my method, 77 Of couise no gieat 
importance can be attached to the close agreement of this single set of 
parallel determinations, the main evidence lies in the geneial agreement 
between blood volumes found by my method and those found by the 
use of vital red in the same t) pe of case 

Simultaneous tests made on a patient with lymphatic leukemia, having 
a high white count, 445,000, did not give equal results The volume by 
my method was 66, while by the vital red method, it was 87 9 The 
white cells, which aie unagglutinable, weie distinguished by staining the 
preparation with bnlliant cresyl blue Many of the white cells, however, 
did not stam sufficiently to make them easily distinguishable from the 
red cells, and it is piobable that many of them were counted as leds, 
resulting m too high a count and too low a blood rolume The white 
counts in the two cases of leukemia, quoted in Table 1, were not high 
enough to be considered a factor 

Tables 1 and 2 include all cases of secondary anemia and primary 
anemia on which complete data for determining the blood volume were 
available, that is to say, in which it was possible to get satisfactorily 
checking and duplicate counts of the unagglutinable corpuscles in the 
patient’s blood before and after transfusion, and of the blood transfused, 
and m which I had an accurate record of the amount of blood given 
There were, howevei, many other cases m which all these data were 
not complete, but in which a fairly reliable estimate could be made The 
volume estimates for these cases agiee with those gnen 

SUMMARY 

Total blood volumes estimated by a new method, based on the 
measurement of the corpuscle content of the circulation following trans- 
fusion with blood of an unlike group, are compared with those estimated 
from plasma volume determinations By the new method, the transfused 
corpuscles, after becoming uniformly mixed with the native corpuscles, 
would follow the distubution of the latter, and any erior m the estimation 
of the total blood volume, owing to an irregularity in the distribution of 
the corpuscles m the circulation, would be m an opposite direction to the 
error possible by the plasma volume method, as in any given specimen 
of blood that was not representative the relative plasma content and 
corpuscle content, which respectively determine the whole blood volume 
estimate by each method would have errors that w ould vary inversely 
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The values for whole blood obtained by the new method are m agree- 
ment with those obtained by the vital red method, and in disagreement 
with the whole blood volumes of normal subjects obtained by the carbon 
monoxid method The agreement of the results obtained by these two 
methods would argue against any irregularity in the distribution of the 
blood corpuscles m the system, and would suggest that there is some 
factor inherent m the carbon monoxid method which has caused the 
low results obtained in normal subjects 

The agreement of the data obtained by the new method, in which 
there is apparently no question of loss of the injected substance, the 
dilution of which is to be tested during the time necessary for complete 
mixing m the circulation, with the data obtained by the method involving 
the injection of a dye, which is comparatively rapidly eliminated, would 
indicate that the technic of the dye methods involves no appreciable loss 
before mixing is complete 
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III APPARENT CHANGES IN BLOOD VOLUME INDUCED BY TRANSFU- 
SION, AND THEIR BEARING ON METHODS OF DETERMINING BLOOD 
VOLUME BY MEANS OF THE DEGREE OF CHANGE IN A CON- 
STITUENT OF THE BLOOD, FOLLOWING TRANSFUSION OF 
A KNOWN AMOUNT OF THAT CONSTITUENT 51 

i 

WINIFRED ASHBY, PhD 

ROCHESTER, MINN 


During the couise of a study of the immediate effect of transfusion 
on the blood count, certain data have appeared which seem to indicate 
that, besides the change in volume due dnectly to the transfusion, changes 
m the total volume occur, due to increase or decrease m the recipient’s 
plasma These apparent changes in the blood volume may take place 
within a short time after tiansfusion without inconvenience to the 
patient and may be either increases or deci eases In certain patients, 
these changes do not occur, especially in those whose blood is com- 
paratnely normal If they really are blood volume changes, they would 
be a souice of eiror to any method of determining blood volume, which 
is dependent on the injection of a known amount of some constituent 
alieady present in the blood, and the subsequent measurement of the 
increase m that constituent, because they would vitiate the initial reading 
Although there is a tendency for blood volume to be constant, this 
is due to the mobility of the blood volume rather than to its rigidity 
The rapidity with which the blood plasma m healthy animals increases, 
to compensate for loss of blood, is a point of evidence, as also is the 
tendency for the blood to recover its original volume after transfusion, 
as has been reported by Keith, who has, m certain instances, found that 
blood volume was no more increased after transfusion than before The 
mobility of the blood volume in response to change m conditions pro- 
duced by external factors has recently been demonstrated in studies 
by Barbour 1 on the effect of heat and cold, and possibly also by the 
rather wide diurnal variation in the hemoglobin content, described by 
Dreyer 2 

Although the mechanism of blood volume control is by no means 
fully understood, KroglVs conception of it would seem to offer a good 


' From the Mayo Foundation 

1 Barbour, H G Heat Regulation and Water Exchange, I, Effects of 
Hot and Cold Baths Upon Blood Concentration and Brain Volume’ Remilafmn 
in Dogs, Am J Physiol 67 366-377 (Jan ) 1924 

2 Dreyer, G , Bazett, H C , and Pierce, H F Diurnal Variations in 
the Hemoglobin Content of the Blood, Lancet 2 588-591 (Sept 18) 1920 
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working hypothesis The point of exchange of fluids is the capillary 
wall, which is permeable to water and to crystalloids , 3 but generally 
not to colloids Since crystalloids readily pass through the capillary 
walls, they have no permanent part m the maintenance of blood volume 
This function is performed by the slight osmotic pressure of the colloids 
The capillaries of the intestinal tract Krogh regards as being more 
permeable than those of the rest of the body, and as the location where 
colloids m a finer state of subdivision are lost Krogh has correlated 
the height of an animal with the degree of dispersion of the colloids 
of its blood, and the consequent osmotic pressure which they are capable 
of exerting He finds that the blood serum of a horse, for instance, 
which, because of the height of the column of fluid in its vessels, is 
exposed to a higher filtration pressuie than that of the rabbit, not only 
contains more serum protein than that of the rabbit, but its serum 
proteins are in a finer state of division Blood volume, then, would be 
influenced by the state of subdivision of the colloids of the blood, as 
well as by their amount A minimal amount of work has been done 
on the quantitative protein content of the blood serum m normal and 
pathologic conditions, but our knowledge of its physical state is prac- 
tically nil 

It would seem quite possible for two human blood serums to exert 
considerably different osmotic pressures This would seem especially 
probable if one serum were derived from a subject m a state of health, 
and the other from one who was m need of a blood transfusion The 
latter serum might not only have a different quantitative content of 
protein, but also a different qualitative content It is probable that 
the ratio between serum globulin and serum albumin would be different 
in the two bloods, and it is possible that the state of aggregation of the 
particles of a single constituent might be different Accordingly, the 
added serum might exert either greater or less osmotic pressure than 
the serum of the recipient, in which event it would upset the balance 
between the tissue fluids and the blood, and cause an exchange of water 
and salts It also is conceivable that the added seium might, because 
of higher or lower alkalinity or other factors, produce a change m the 
recipients seium proteins, thus causing a change in their osmotic pres- 
sure, and a consequent exchange of fluid with the tissues 

I believe it is probable that some such mechanism will explain the 
data which follow, although it must be admitted that other explanations 
than that of change of volume are possible After a transfusion of 
unlike blood has been given and the necessary data obtained for deter- 

Yale 3 University Prl£ tST” 5 a ” d °' Cap.llar.es, New Haven, 
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mining the blood volume, it has often been noted that eithei the blood 
count of the recipient was not raised, even though it had originally 
been considerably lower than that of the blood transfused, or it was not 
raised sufficiently to account for the even distubution of all the trans- 
fused corpuscles through the circulation of the recipient On the other 
hand, the blood count has sometimes been raised too much to account 
for the amount of blood given The low count following transfusion 
is explicable, either on the basis of an exchange of fluid from the tissues 
to the blood serum, or by an immediate destruction of some of the 
recipient’s own corpuscles The high count may be explained either by 
an immediate destruction of some of the transfused corpuscles, giving 
a higher blood volume estimate than is correct, or by a loss of fluid 
from blood serum to tissues The exchange of fluid seems to me the 
more probable explanation 

Counts were taken before and after transfusion, usually soon after 
the patient had been returned to his room The volume of the blood 
after transfusion was calculated by the method already given , and from 
the blood volume, the patient’s blood count after transfusion, and the 
amount and count of the transfused blood, a value for the count of 
the patient’s blood before transfusion was calculated, on the basis of a 
comparison of this calculated count, and the actual count before trans- 
fusion, an estimate of the change in blood volume, aside from that due 
to fluid added by the transfusion, was made The method of calculation 
was as follows the number of corpuscles added by the transfusion, 
C t X V t , C t and V t being the count and volume of the transfused 
blood, divided by V, the patient’s blood volume after transfusion, gives 
the number of corpuscles for each cubic millimeter added by the trans- 
fusion This subtracted from C, the count of the recipient’s blood 
after transfusion, gives the count of the recipient’s corpuscles at the 

volume of the blood after transfusion This multiplied by V should 

V - Vt 

give the count before transfusion, provided no destruction of corpuscles 
nor change in fluid content other than that made by the transfusion has 
taken place On the assumption that any difference m the observed 
and calculated count is due to an exchange of fluid between tissue 
and serum, the original blood volume is obtained from the formula, 
C c 

v° = (v - Vt) X — , m which C c and C b are the calculated and actual 

blood counts before tiansfusion (V- V t ) — V° will be the change due 
to exchange of fluid From these foimulas, the apparent changes auxil- 
iary to the tiansfusion have been calculated in a series of patients with 
secondary and primary anemia (Tables 1 and 2) 
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Of the cases of secondaiy anemia (Table 1), in three there was no 
change in the count that could be attributed to change in volume that 
was not accounted for by the transfusion In two there was a slight 
increase, and m three an increase in volume beyond that added by the 


Table l— Immediate Blood Volume Readjustments Apparently Pioduced by 
Transfusion m Patients with Secondaiy Anemia 
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fusion 
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Oc 
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9 

4 05 

4 07 

396 

0 

0 

4,310 

96 

3,840 

85 

500 

0 

193 

317 

3 43 

3 76 

0 


1,035 

82 

820 

65 

275 

—00 

53 
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4 50 

4 47 
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0 

4,250 

81 

3,750 

72 
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1 56 

1 42 

1 85 

0 

0 

3,430 
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2,700 

82 
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4 54 

0 

2 

3,600 

07 
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53 
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66 

358 

3 36 

3 46 

0 

0 
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SO 

5 220 

70 
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350 
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1 98 

1 74 

1 99 

0 

0 

3,820 

85 

3,120 

69 
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76 





27 
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0 

0 
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61 
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4,540 
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* edema v\ lilt'll disappeaied after transfusion 

t Edema 


transfusion, which was about equal to the amount of blood transfused 
The three cases in which there was a greater increase on addition of 
normal serum were a case of Banti’s disease with ascites, a case of 
obesity and low blood volume, and a case m which posterior gastro- 
enterostomy had been performed ten days before, the patient’s blood 
count being 1,990,000, and the blood serum in all probability depleted 
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In the series of patients with pernicious anemia, the blood counts 
indicated a greater exchange of fluid between tissue and blood This, 
I believe, is more probably due to a greater abnormality of the serum, 
although the explanation is also plausible that there is a greater tendency 
for the native corpuscles to be destroyed It is possible that m some 
cases, Case 71 for instance, both factors may have come into play Of 


Table 3— Change in Blood Count and Indicated Fluid Exchange Following 
Fust Ti ansfttston of a Senes, Compai ed with That Occurring 
Following Subsequent Tiansfusions 


r 

Case 

Count Before 
Transfusion 

Difference 

Diagnosis 

Patients Receiving First Transfusion 

1 

4,000,000 

—260,000 

Secondarj anemn 

o 

1,390,000 

+280,000 

Primary anemia 

3 

1,370,000 

— 40,000 

Primary anemia 

4 * 

1,100,000 

+260 000 

Primary anemia 

5 

2,870,000 

—290,000 

Malignancy 

6 

2,180,000 

+370,000 

Primary anemia 

7 

4,500,000 

— 50,000 

Jaundice 

8 

4,5SO,0OO 

— 8,000 

Malignancy 

9 

2,700,000 

—220,000 

Primary anemia 

Av for cases with positive change 

1,590,000 

+300,000 


Patients Beeening Second Transfusion 

10 

1,730,000 

+400,000 

Primary anemia 

11 

3,440,000 

+300,000 

Jaundice 

12 

2,420,000 

+400,000 

Secondary anemn 

13 

1,490,000 

— 30,000 

Primary anemia 

14 

1,100,000 

+620,000 

Primary anemi i 

15 

1,290,000 

+360,000 

Primary anemia 

1G 

1,640,000 

+420,000 

Primary anemia 

17 

3,070,000 

—100,000 


IS 

1,580,000 

+360,000 

Primary anemia 

Av for cases w ith positir e change 

1,890,000 

+430,000 


Patients Receiving Third to Fifth Transfusion 

19 2,430,000 

+210,000 

Primary anemia 

20 

2,390,000 

+200,000 

Primary anemia 

21 

1,820,000 

+520,000 

Primary anemia 

22 

1,300 000 

+330,000 

Primary anemia 

23 

1,910,000 

+570,000 

Primary anemia 

24 

1,970,000 

+530,000 

Primary anemia 

25 

2,000,000 

— 60,000 

Primary anemia 

2G 

1,700,000 

+300,000 

Primary anemia 

27 

2,270,000 

+570,000 

Primary anemia 

28 

3,030,000 

+270,000 

Secondary anemi i 

Av for cases with positive change 

2,090,000 

+390,000 



Theoretical Increase in the Blood Count after Transfusion Calculated on the Basis of a 
500 e c Transfusion at a Count of 4,410,000 Bed Cells is Compared with the 
Actual Increase and Interpreted as Chnnge in Volume 
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f 
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Increase 
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Difference 

change, C c 

Average Blood Volume of 

3,800 O c Assumed 

First 

300 000 

380,000 

— 70,000 


Second 

430,000 

330,000 

+100,000 

—160 

Third to fifth 

390,000 

310,000 

+ £0,000 

—120 

Average Blood Volume of 

4,200 O c Assumed 

First 

360,000 

340,000 

— 40,000 


Second 

430,000 

300,000 

+130,000 

-230 

Third to fifth 

390,000 

280,000 

+110,000 

—180 

Average Blood Volume of 

500,000 C c Assumed 

First 

300,000 

280,000 

+ 20,000 

— 60 

Second 

430,000 

250,000 

+180,000 

—390 

Third to fifth 

390,000 

230,000 

+1,6604)00 

—330 
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a series of seven cases of first transfusions, there was no indication of 
a change in volume in one, and m another, practically none, m five 
there was an apparent increase m volume besides that added by trans- 
fusion, which ranged from 560 to 2,810 cc In three patients who 
had received previous transfusions, there was an apparent loss of 
fluid , in two of these, the determinations were not made until the day 
following the transfusion, and m the meantime it is possible that the 
bone marrow may have put out new cells, and so caused the unexplained 
increase, which gave the appearance of decreased blood volume 

Further data which are pertinent to the question were obtained from 
patients receiving transfusions of blood of the same group In these 
cases blood volume estimates could not be made, but a comparison of 
the counts before and after transfusion offers evidence For several 
days, counts were made on all patients referred for transfusion, and the 
data were classified according to the number of transfusions which had 
been previously given (Table 3) Of the nine first transfusions, six 
caused a reduction in the blood count, of these, three were given to 
patients with secondary anemia whose counts before transfusion were as 
high as, or higher than, the count of the blood transfused The recipients, 
however, m three instances had low initial blood counts In the three 
instances m which the transfusion raised the count, the average increase 
was 303,000 corpuscles foi each cubic millimeter, on an initial average 
blood count of 1,590,000 Of nine second transfusions, only two caused 
a decrease m the initial count of the blood, and seven an increase, which 
averaged 430,000 corpuscles for each cubic millimeter, on an average 
initial count of 1,880,000 Of ten patients who were receiving from the 
third to fifth transfusion, only one had a lower count after the trans- 
fusion than before , the average increase m the eight other counts was 
390,000, on an average initial count of 2,090,000 Without blood volume 
data, the significance of the counts which increased has been estimated 
on the basis of an assumed range of blood volumes, which would seem 
to cover the probabilities 

In the second paper of this series, the average blood volume of a 
series of patients with pernicious anemia, receiving blood transfusion 
foi the first time, was 4,260 c c The average volume m a series reported 
by Keith, 4 some of whose patients had probably had several transfusions, 
was 4,360 c c As the average blood percentage by volume was lower, 
m proportion to the figure for the average blood volume, in my series 
than in Keith s, it seemed possible that m mine there may have been a 
larger proportion of tall subjects, therefore, to be on the safe side, I 

4 Keith N M The Total Circulating Volume of Blood and Plasma 
in Cases of Chronic Anemia and Leukemia, Am J M Sc 165 174-184 (Feb ) 
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have taken 3,800 as the first blood volume This would be equivalent 
to 6 4 per cent of the body weight of a subject weighing 130 pounds 
(59 kg), too low an estimate for the average blood volume of the 
patients receiving their second to fifth transfusions I have also assumed 
the blood volumes 4,200 and 5,000 cc, which would be respectively 
7 1 and 8 5 per cent of the body weight of a subject weighing 130 
pounds (59 kg ) The latter would seem the more probable estimate 
for the average blood volume of the patients who had received more 
than two transfusions In the estimate of the probable count of the 
transfused blood, I used the average of a series of counts on citrated 
blood, taken in the same amount and prepared m the same operating 
room This count was 4,440,000 corpuscles for each cubic millimetei 
Transfusions of 500 c c were given m all cases 

In considering these cases m which there was an increase m the 
count resulting from transfusion, it was assumed that the initial average 

count of the patient’s corpuscles was diluted by transfusion to — — 

times the average initial count, V being the average blood volume after 
transfusion It was assumed that the transfused blood was diluted 

after transfusion to 4,440,000 X ~ The two figures added are the 

count after transfusion, provided no change in volume has taken place, 
and the difference between this and the initial count is the increase 
that should take place m the count on the basis of the assumed blood 
volume The blood volume change was obtained by multiplying V by 
the factor, calculated blood count divided by actual blood count, and 
subtracting the product from V There is obviously a slight error m 
these formulas, but it is of no importance in this connection The 
calculations are appended to Table 3 With all three blood volume 
estimates, the calculations show that after the second to the fifth trans- 
fusions the corpuscle counts were greater than would be accounted for 
by the blood transfused, and indicated a passage of fluid from plasma 
to tissues For the first transfusion, the two lower blood volume 
estimates give calculated increases which, in comparison with the actual 
increase, indicate a passage of fluid from tissue to blood, and even for 
the highest blood volume estimate, which is undoubtedly too high for a 
first transfusion, the estimated and actual counts are practically equal 
This senes shows a marked difference m tendency of direction of change 
m volume between the first transfusion of a series and the later ones 
The transfusions were spaced about a week apart 

Since the blood from which all these data are derived was obtained 
by puncture of the ear, there was the possibility that, with the freer flow 
after transfusion, the lower count obtained might merely be due to 
the technic of taking the blood This point was controlled in one 
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instance in which the Lewisohn blood volume method was compaied 
with that of Ashby The percentage of corpuscles in the blood taken 
from the vein of the patient befoie transfusion was 23 4 by the hemato- 
cnt reading, fifteen minutes after the transfusion, it was 23 1, the 
reading of the transfused blood was 43 6 per cent Four hundred eighty 
cubic centimeters were given The patient’s blood volume after trans- 
fusion was estimated from the count of the unagglutmable corpuscles 
to be 4,450 c c , or 8 2 per cent of her body weight The case was 
one of secondary anemia , there was no transfusion reaction The blood 
from the basilic vein showed, in this instance, the same degree of 
decrease m corpuscle content after transfusion as the ear puncture 
revealed m the cases already cited 

SUMMARY AND CONCLUSION 

Following the first transfusion, changes are likely to occur m the 
recipient’s blood count so that destruction of the recipient’s corpuscles 
or an addition of fluid fiom the tissues is observed within half an houi 
after the beginning of transfusion As these changes are not associated 
with hematuria or any tendency toward reaction, and as they are appar- 
ently more apt to occur in patients whose condition is such that a reduced 
protein content might be expected, I consider it probable that they are 
due to change in volume caused by a higher osmotic pressure of the 
seium introduced In patients who have been transfused recently, the 
chances that this appaient increase in blood volume will occur following 
a second tiansfusion are much diminished, and m the majority of 
cases there is indication that an exchange of fluid from blood to tissue 
occurs on transfusion Among my studies of second and third trans- 
fusions, there was only one in which I had all the necessary data for 
determining this exchange, and in that study theie was evidence of it 
In the study of the change of count m a larger series of like group 
transfusions m which blood volume could not be determined, but in 
which a probable range of blood volume could be safely estimated, 
there was found, following most second to fifth transfusions, excess 
in the increase of the corpuscle count, which would indicate a passage 
of fluid from blood to tissue, while, following the first transfusions, 
the change m count indicated a passage of fluid from tissue to blood 
Keith, 0 who uses the vital red method, has also reported observations 
of no mciease in volume after transfusion 

In accounting for the difference between the osmotic pressure of the 
patient s and donor s bloods, one would expect to find, as one of the 
factors, a difference m protein content, either quantitative or qualitative, 

5 Keith, N M Blood Volume Changes in Wound Shock and Primary 
Hemorrhage, Medical Research Council, 1919, Special Report No 27 
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such that a difference m the number of molecular aggregates might 
occur. Wells, 6 in his summary of the literature on the serum protein 
content m patients with pernicious anemia, says that the serum proteins 
are reduced, the decrease being in the serum globulin Peters and 
Rubmtz, 7 on the other hand, report a higher protein content than normal 
m the serum of patients with severe anemia So, apparently, both con- 
ditions are possible That plasma volume may be abnormally high in 
patients with pernicious anemia has been reported by Keith In line 
with the idea that the apparent tendency to exchange of fluid from tissue 
to blood, on repeated transfusion, is due to increase in osmotic pressure 
from increase in protein content would be my own data (fourth paper 
of this series), which seem to indicate that the blood volume of patients 
with pernicious anemia is usually greater following later transfusions 
than at the first transfusion of a series, even when there is no great 
change in the total cell volume A series of transfusions apparently 
tends to stimulate an increase m plasma volume, probably owing to 
increase in protein content It would seem probable that the protein 
content might be stimulated to an excess of increase, such that, after a 
series of transfusions, the difference between the osmotic pressure of the 
donor’s and patient’s plasma might be reversed 

If these discrepancies between the counts of the patient’s blood before 
and after transfusion are m reality due to change in blood volume, they 
would be a source of error in any method for determining blood volume, 
which utilized the change of concentration of any constituent of the 
blood by transfusion, if, on the other hand, they are due to corpuscle 
destruction, they would still be a source of error to any method which 
utilized the change in concentration of the corpuscle content resulting 
from transfusion 

Although the data have been so collected that the changes are known 
to occur within half an hour after transfusion, it is very possible that 
they are of almost immediate occurrence These changes bear no rela- 
tionship to the occurrence of transfusion reactions 

6 Wells, H G Chemical Pathology, Ed 3, Philadelphia, W B Saunders 
Company 

7 Peters, A W, and Rubmtz, A S Observations on the Chemical 

Pathology of the Blood m Pernicious Anemia and Other Severe Anemias 
Arch Int Med 26 S61-S69 (Nov) 1920 anemias, 



ANATOMIC FINDINGS IN ESSENTIAL 
HYPERTENSION 1 

ARTHUR M FISHBERG, MD 

NEW YORK 

The concept of essential hypertension includes those cases of chronic 
hypertension which neither clinically nor anatomically can be demon- 
strated to have evolved from antecedent inflammatory disease of the 
kidneys or from urinary obstruction The clinical picture of essential 
hypertension is, as a lule, quite distinctive, and has become widely 
known, m recent years, through the publications of Huchard, 1 Janewa)," 
Allbutt, 3 Volhard 4 and others, in their respective countries As a 
result of these studies, it is now possible to diagnose essential hyper- 
tension with a fair degree of certainty in the large majority of cases 
But we are occasionally confronted at necropsy by a secondary’- (1 e 
postnephritic) contracted kidney, despite the fact that the clinical 
features of the case gave no indication that the hypertension was 
associated with inflammatory disease of the kidneys Because of such 
rather exceptional cases, essential hypertension cannot be unequivocally 
defined by the absence of clinical evidence of nephritis or of urinarj 
obstruction, and it is necessary to add the word “anatomically” to the 
definition to prevent the inclusion of those cases of nephritis in which 
the identity is first revealed at the postmortem table This definition 
is very seriously defective in that it defines the disease solely by exclu- 
sion, but, in our present ignorance of the causes of hypertension in 
general, it does not seem feasible to define essential hypertension m an) 
more satisfactoiy way Nevertheless, the consideration of essential 
hypertension as a distinct nosologic entity seems fully justified, both from 
a clinical and, as will be discussed below, from an anatomic point of 
view 

Essential hypertension, thus defined, is very much more common than 
chronic hypertension associated with inflammatory disease of the kidne) 
Of eighty-two cases of chronic hypertension coming to necropsy at the 
Montefiore Hospital, seventy-two, or 88 per cent , were instances of 

x From the Medical Division of the Montefiore Hospital 

1 Huchard Traite climque des maladies du coeur et de l’aorte, Paris, 
1 45-125, 1899 

2 Janeway, T C A Clinical Study of Hypertensive Cardiovascular 
Disease, Arch Int Med 12 755-798 (Dec ) 1913 

3 Allbutt Diseases of the Arteries, Including Angina Pectoris, London, 
1 378-454, 1915 

4 Volhard and Fahr Die Brightsche Nierenkrankheit, Berlin, 1914, PP 
210-246 
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essential hypertension However, it should be stated that the patients 
m the Montefiore Hospital are largely sufferers from chronic diseases, 
and that, therefore, the proportion of true nephritis is probably some- 
what smaller than in the usual hospital seivice 

In the present paper, we desire to report on the anatomic find- 
ings m these seventy-two cases of essential hypertension and their 
interpretation 

ARTERIOLAR LESIONS 

Cases of clinically typical essential hypertension m which neithei 
renal nor arteriolar lesions of consequence were found at the necropsy 
have been described by various authors 5 6 But it is evidently rather rare 
for such a case to come to neci opsy, and one must agree with Hueck 0 
that the existence of hypertension for more than a few weeks can 
usually be read in the arterial walls Every one of our seventy-two cases 
of essential hypei tension showed more or less marked but always clearly 
defined arteriolar changes It is of great interest that the arteriolar 
lesions so constantly accompanying essential hypertension are essentially 
identical in the various organs, and of equal significance that, as will 
be seen below, they have a very characteristic distribution To this well 
defined lesion of the arterioles, the term aitenolosclerosis has been aptly 
applied As has long been known, artenolosclerosis occurs most fre- 
quently and most markedly m the kidney, and it may, therefore, be best 
to describe first the evolution of the typical lesion m that organ 

The histologic picture of artenolosclerosis develops somewhat 
differently in the smallest arterioles, the vasa afferentia, than in the next 
larger vessels,' the vasa mterlobulares In the afferent artenoles, the 
first change noted is a deposition of so-called hyaline substance dnectly 
under the endothelium Fortunate longitudinal sections show that the 
hyalimzation does not occur uniformly along the course of the vas 
afferens, but usually begins close to the junction with the glomerular tuft 
The highly lefractile hyalin appears pink in ordinary hematoxylm- 
eosm preparations and yellowish-orange m sections stained by van 
Gieson’s method In the earliest stages, this hyalin is not stained by 
sudan III, but later on it quite frequently undergoes fatty change and 
gives lipoid reactions Hueck G believes that the hyaline substance is 
semifluid and, in the early stages at least, causes little increase of resist- 
ance to the flow of blood In the larger interlobular arterioles, the 
fhst change observed is apparently hyperplasia of the internal elastic 
membrane with leduphcation and the formation of multiple lamellae 

5 Pal Ueber Herzhypertrophie und Hypertonie, Med Klin 15 662, 1919 

Von Monakow Blutdrucksteigerung und Niere, Deutsch Arch f klin’ Med 
133 129, 1920 

6 Hueck Anatomisches zur Frage nach Wesen und Ursache der Arterio- 
sclerose, Munchen tried Wchnschr 67 835, 1920 
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(Jores’ hyperplastic type of intmial thickening) The hyperplastic 
elastic tissue undergoes regressive changes with the appearance of lipoid 
and hyaline substance and reactive proliferation of the neighboring 
connective tissue, gradually lesultmg in marked nai rowing of the lumen 
which may slowly go on to complete obliteration In the earliest stages 
of the process m both afferent and interlobular arterioles, the media 
do not present any marked changes, but a progressive atrophy of 
the muscle cells with fatty and hyaline change then sets in and, finally, 
fibrous replacement As far back as 1868, Johnson 7 described hyper- 
tiophy of the media as a characteristic m granular kidney and most 
current textbooks contain the same statement, but, as a matter of fact, 
one finds m artenolosclerosis a gradual and progressive degenerative 
atrophy of the medial muscle with replacement fibiosis This is m a 
certain contrast to the larger vessels in essential hypertension, as well as 
to the arterioles in true nephritis, m which I have occasionally observed 
an apparent medial hypertrophy The latter is, however, difficult to 
ascertain with certainty, as Jores 8 pointed out, because of deceptive 
appearances caused by postmortem contraction The progressive mtiinal 
thickening just described naturally leads to a progiessive nan owing of 
the lumen But to this there is a noteworthy exception, first described 
by Loehlein, 9 which I have repeatedly been able to confirm In the 
early stages of the hyaline change in the vasa afferentia, these vessels are 
often tremendously dilated at their entrance into the glomerular tuft, 
warranting Loehlein’s description of the dilatation as “lakehke ” The 
dilatation also mav involve the first divisions of the vas afferens, so that 
m longitudinal sections a Y-like figure is seen, often packed with red 
cells Only the terminal part of the vas afferens is thus dilated, and it 
may follow on a marked constriction 

It is, of course, of primary importance whether these arteriolar 
lesions, found in practically all cases of essential hypertension, also occur 
m patients with normal blood pressure In vasa mterlobulares, redupli- 
cation of the internal elastic lamina is often seen beginning with the 
fourth decade, or even earlier, and usually attains a considerable extent 
m elderly people, though not approaching that seen m cases of chronic 
hypertension of the same age Hyalinization of the vasa afferentia to a 
slight degree is often seen at a later period of life, but I have not seen 
marked hyalinization of the afferent arterioles m a case with normal 
tension (except m the vicinity of inflammatory lesions, e g , pyonephrotic 

7 Johnson On Certain Points in the Anatomy and Pathology of Bright’s 
Disease, Tr Med -Chir Soc 51 57, 1868 

8 Jores Ueber die Arteriosclerose der klemen Org anarterien, Virchows 
Arch f path Anat 178 374, 1904 

_ c 9 -Yi L inS em UebCr Schrum P fn >eren, Beitr z path Anat u z allg Path 
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lesions) In the spleen, on the contrary, well marked and progressive 
hyalinization is ph>siologic and sets in quite early in life Pnncipally, 
the central arterioles of the malpighian bodies are involved Thus, 
Herxheimer 10 found, in an investigation of 1,100 spleens, that hyalin- 
ization was present m 15 per cent of those under 10 years of age, m 
more than half of those between 30 and 40, and m thi ee-quarters of 
the patients over 60 The hyaline substance found in the splenic 
arterioles of people with normal blood pressure is apparently identical 
with that in cases of hypertension , it also often undergoes fatty change 
The physiologic occurrence of hyaline change m the splenic arterioles 
often renders it difficult to decide whether or not changes observed 
m these vessels in a case of hypertension have any correlation with the 
high blood pressure 

DISTRIBUTION OF THE ARTERIOLAR LESIONS 

It has been known since Gull and Sutton’s 11 pioneer communication 
that arteriolosclerosis is not always confined to the arterioles of the 
kidney, in fact, it is quite common usage to speak of “generalized 
arteriosclerosis” of the smaller radicals, implying the existence of a 
system disease of the arterioles of the body Most investigators have 
confined their examination of the smaller vessels m essential hypertension 
to those of the kidney But the arterioles m other organs have also 
received some attention Thus, Jores 8 found that the lesions of the 
small arterioles which he descubed as the pathogenetic agent in the 
primary contracted kidney also were to be found in the arterioles of 
other organs Munzer, 12 in a number of publications, has championed 
Gull and Sutton’s half century old view that nonnephntic hypertension 
is secondary to a generalized arteriocapillary fibrosis, to explain the 
frequent absence of any visible changes m the arterioles throughout the 
body, he invokes the inadequacy of our present histologic methods 
This view has been disputed by Fahr, ld who maintains the predominant 
role of the lesions of the renal arterioles, and points out that the small 
vessels of the skill, voluntary muscles and intestines are very rarely 
involved Hasenfeld 14 and others have claimed that essential hyper- 
tension is due to sclerosis of the arterioles of the splanchnic area In 

10 Herxheimer Ueber das Verhalten der kleinen Gefaesse der Milz, Berl 
khn Wchnschr 54 82, 1917 

11 Gull and Sutton On the Pathology of the Morbid State Commonly 
Called Chronic Bright’s Disease, Tr Med -Chir Soc 55 273, 1872 

12 Munzer, E Gefaesssklerosen, Wien Arch f inn Med 2 1 (Dec ) 1920 

13 Fahr Ueber die Beziehungen von Arteriolensklerose, Hypertonie, und 
Herzhypertrophie, Virchows Arch f path Anat 239 41, 1922 

14 Hasenfeld and Hirsch Ueber die Herzhypertrophie bei Arteriosklerose, 
Deutsch Arch f khn Med 59 193, 1897 
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an extensive investigation, Evans 15 found that the small vessels of the 
spleen are involved about as often as those of the kidney, while the 
minute branches of the coronary aiteries are never affected 

In view of these differences of opinion as to the distribution of the 
arteriolar lesions associated with hypertension, we have systematically 
examined the arterioles of the various organs m the seventy-two cases 
of essential hypertension on which this study is based The findings 
are summarized m the following table It is to be emphasized that this 
table has reference only to the lesions found m the minute arterioles, 1 e , 
those corresponding m size to the vasa mterlobulares and vasa afferentia 
of the kidney For lack of any more adequate method, we have 
expressed the grade of the arteriolar lesions by the symbols N for 
normal, 1 plus, 2 plus, 3 plus and 4 plus A dash means that the organ 
was not investigated The word normal has, of course, been used m a 
relative sense, taking into consideiation those changes which physio- 
logically occur m the aiterioles of the various organs with advancing 
years, and which are, therefore, not con elated with the hypertension 
The hyalimzation that occurs normally m the arterioles of the spleen (dis- 
cussed in the foregoing) renders particularly'- difficult the investi- 
gation of the smaller radicals of that organ, and the findings m the 
splenic arterioles tabulated below must therefore be taken with some 
reserve 

The cutaneous arterioles were examined in seventeen cases and those 
of the voluntary muscles in fifteen, in no instance was artenolosclerosis 
noted 

If Table 1 is studied, it is seen that the organs fall into three 
groups with regard to the involvement of their arterioles in essential 
hypertension 

1 Kidney — In essential hypertension, the arterioles of this organ 
are involved much more frequently and far more intensely than those 
of any other portion of the body In every' one of the seventy-two cases 
examined, the lenal arterioles were affected Moreover, m almost every' 
instance, the severity of the arteriolar lesions in the kidney' greatly 
exceeded that m any other organ In ten of the cases, the arterioles 
of the kidney weie the only' ones affected Howevei, in several cases, 
the involvement of the renal arterioles was only slight, these will be 
discussed in connection with the interpretation of the lesion 

2 Spleen, Panel eas, Livei and Biain — In cases of essential hypei- 
tension, artenolosclerosis is a common finding in these organs Involve- 
ment of the splenic arterioles occuis m about two thirds of the cases, 
the pancreatic m about half, the hepatic in less than a third, and the 

IS Evans A Contribution to the Study of Arteriosclerosis, Quart J Med 
14 215, 1920 
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Table 1 —Disti ibution and Intensity of Aitenolm Lesions m Essential 

Hypei tension 


Blood Pressure 


Necropsy 
No Age 


Sys Dias 
tolic tolic 


G astro 


46 

240 

150 

54 

228 

100 

70 

170 

100 

70 

210 

94 

75 

205 


63 

180 

110 

59 

210 

118 

50 

High 

53 
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100 

54 
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50 

190 

130 

83 
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160 

59 
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100 

58 

210 

100 

56 

210 

9S 

70 

1<0 
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64 
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110 

56 

214 
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75 
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95 

80 
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70 

264 
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55 
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62 
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94 
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72 
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54 
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110 

54 

180 

135 

70 

232 
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92 
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73 
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72 
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53 
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90 

60 
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52 
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72 
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46 
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cerebral m about one fifth of the cases But the lesion usually is not 
very marked, rarely being even nearly as intense or diffuse as m the 
kidney There is no constancy about the involvement of these organs , 
any one or more of them may be involved in a given case The most 
marked arteriolar changes m these organs are found only m association 
with a a ery advanced process m the renal arterioles Another organ m 
which arteriolosclerosis is quite often found is the suprarenal gland, 
which Avas involved m seventeen of sixty cases Here, the arteriolar 
thickening is best seen m the connective tissue capsule But considerable 
hyaline change of the arterioles of this organ is not uncommon m 
persons Avith normal arterial tension 

3 Skin, Skeletal Muscles, Myocaidmm, Lung, Gash o-Intestmal 
Tiact and Thyioid — In these organs, the lesions of arteriolosclerosis are 
found only rarely and then to only an insignificant extent Thickening 
of the smaller arterioles of the lung is occasionally seen Avhen the hyper- 
tension is accompanied by mitral stenosis, an association which is not 
uncommon, but is then attributable to the valvular lesion and conse- 
quent increase of pressure in the lessei circuit I have not seen any 
clearly defined example of the lesion in the voluntary muscles, or more 
than minimal involvement of the arterioles within the myocardium, and 
that only tAvice m sixty-eight cases In two instances, slight mtimal 
thickening of arterioles m the pericardial tissues Avas seen Avithout any 
corresponding change in the vessels of the heart muscle proper The 
stomach and intestines are only very uncommonly involved by arteriolo- 
sclerosis, and then the lesion is very slight I have not found any basis 
for the view that essential hypertension is due to sclerosis of the 
splanchnic vessels These findings are in essential agreement with 
those of previous authors who have examined various organs Thus, 
EA r ans 16 has noted the rarity of lesions of the smaller arterioles (which 
he terms diffuse hyperplastic scleiosis instead of the term arteriolo- 
sclerosis used here) in the heart muscle and gastro-mtestmal tract, 
Fahr, 13 then rarity in the skin, voluntary muscles and gastro-mtestmal 
tract, and Watanabe 10 found thickening of the small arterioles of the 
skm m only six of 116 cases 

In the testis, prostate and pituitary gland, which were examined m a 
small number of instances, arteriolosclerosis was not noted The ovary 
and uterus were not studied because regressive changes of somewhat 
different histologic appearance are frequent findings m association with 
menstruation, pregnancy and senile involution I had no opportunity for 
anatomic study of the minute arterioles of the retina, this Avould have 

16 Watanabe, S Ueber die Arteriosklerose der Hautgefaesse, Schweiz 
med Wchnschr 51 780 (Aug 25) 1921 
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been desirable as it has recently been shown by O’Hare and Walkei 
that the retinal arterioles of a size to be seen ophthalmoscopically are 
usually thickened m essential hypertension 

It is of interest to compare the incidence of arteriosclerosis m the 
various organs with the frequency of senile arteriosclerosis of the large 
vessels in these organs 

The figures for arteriosclerosis in Table 2 are taken from Brooks 
investigation of 400 cases He gives no figures for the vessels of the 
extienuties, but the great fiequency of senile arteriosclerotic changes 
(including here medial calcification) m the radials, tibials and other large 
arteries of the extremities is a matter of everyday observation On the 
other hand, it was seen above that artenolosclerosis is exceedingly rare 
m the tissues making up the extremities, l e , muscle and skin 

This comparison of the incidence of lesions of the large and small 
vessels in the various organs of the body thus leveals no parallelism 
m their distnbution On the contrary, a shaip divergence is to be 
noted, aiteriolosclerosis invariably affecting the kidney, with the spleen. 

Table 2 — Incidence of Artei toscleiosis and Ai leuolosclcrosis in Various Oigans 


Extremities 

Heart 

Brain 

Kidnej 

Pancreas 

Liver 

Spleen 

Long 


Arteriosclerosis, 
per Cent 
High 
73 
3C> 

23 

20 

12 

10 

5 


Arteriosclerosis, 
per Cent 
0 
3 
19 
100 
49 
30 
G6 
0 


pancreas and liver next m order of fiequency, while large vessel 
atheroscleiosis has its sites of predilection in the extremities, heart and 
brain Neither lesion occurs in the arteries of the lesser circulation m 
correlation with essential hypertension 

The study of the distribution of the arterial lesions thus affords a 
point of view from which it seems very probable that different factois 
enter into the pathogenesis of artenolosclerosis than are concerned in the 
production of atherosclerosis of the large vessels This is confirmed by 
certain other evidence 

1 Aiteriolosclerosis of any considerable degree is constantly 
accompanied by essential hypertension, while senile arteriosclerosis 
apparently has little correlation with hypertension 

2 The age incidence of artenolosclerosis is somewhat different from 
that of large vessel sclerosis The maximum age incidence of artenolo- 


Arteriosclerosis and Hypertension, 


17 O’Hare, J P , and Walker, W G 
Arch Int Med 33 343 (March) 1924 
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scleiosis is that of essential hypertension, 1 e, middle life, while large 
vessel lesions continue to increase in frequency with advancing age, 
being most common in very old persons 

3 It has been shown by the Aschoff school that the large vessel 
lesions can be produced — in herbivora, at least — by derangements of 
hpoid metabolism In uncomplicated experiments of this nature, the 
small vessels are not affected 

SIGNIFICANCE OF THE ARTERIOLAR LESIONS 

The interpretation of the arteriolar lesions resolves itself into the old 
question of the relation they bear to the hypertension of which they are a 
constant accompaniment Half a century ago, two theories were formu- 
lated, each of which still has its advocates 

1 Gull and Sutton’s 11 view 10 that the disease of the arterioles is 
primary and causes the hypertension by mechanically narrowing the 
peripheral stream bed, thus increasing the peripheral resistance 

2 Johnson’s 7 theory of substances failing of excretion by a primarily 
diseased kidney causing a spasm of the peripheral arterioles and thus 
functionally increasing the peripheral resistance According to this 
view, the hypertension would be the cause of the arteriolar lesions 

That the hypertension is due to the mechanical increase m resistance 
caused by organic lesions of the smaller arterioles does not seem possible, 
m view of the limited arteriolar aieas that are thus affected even m the 
most extensive cases We have seen that the arteriolar lesions are 
usually severe only m the kidneys, and that while a few other organs 
(spleen, livei, panel eas and biain) may be involved to a slight or, at 
most, to a moderate extent, the great mass of the arterioles of the body, 
in the striped muscles, skin, gastro-intestinal tract and heart, show piac- 
tically no lesions It is well known from physiologic experiments that 
any increased peripheral resistance m an organ is immediately com- 
pensated for by a vasodilatation elsewhere m the body, so that no 
increase m the general blood pressure occurs The arteriolosclerosis 
would have to involve very extensive regions were it to increase 
mechanically the peripheral resistance by an amount too great to be 
compensated for elsewhere , i e , it would hat e to be a true generalized 
arteriolosclerosis But it was shown above that it involves only a small 

19 Peculiarly enough, Gull and Sutton did not actually observe the intimal 
thickening which we now know to be the most striking change in the small 
vessels They thought the thickening of the arterioles was due to a “hyalin- 
fibroid change in the adventitia This is shown bj their illustrations and 
their statement (p 283) that “the morbid changes we have observed occur 
chiefly outside the muscular layer ” The error of these brilliant and original 
observers is readily understood when it is recalled that their histologic methods 
consisted in the study of frozen sections in which the nuclei were stained by 
carmin 
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fraction of the great aitenal periphery, the vast majority of the 
arterioles are left with an unnarrowed lumen In brief, a true general- 
lzed artenolosclerosis does not exist in association with essential hyper- 
tension and, therefoie, cannot be the cause of the latter 

It was pointed out above that lesions of the aitenoles identical m 
nature with the artenolosclerosis associated with chronic hypertension are 
a physiologic accompaniment of advancing years Hyahnization of the 
smallest arterioles of the spleen begins to appeal quite early in life, in 
middle-aged people, elastic hyperplasia is found m slightly larger 
arterioles in various organs, while late in life a slight degree of hyalin- 
lzation of the vasa afferentia of the kidney can often be observed. 
These changes are a manifestation of the wear and tear to which the 
arterioles, the effectors of the never resting vasomotor nerves, are sub- 
ject with advancing years The artenolosclerosis of essential hyper- 
tension may rationally be regarded as merely a pathologic exaggeration 
of these physiologic changes manifesting the tremendously increased 
strain put on the arterioles by the heightened blood pressure The 
exact mechanism by which the increased strain of hypertension causes 
the artenolar lesions is evidently complex and as yet totally unexplained ; 
it does not consist solel} in the increased blood pressure from within, 
for in that event the arteriolar lesions would be diffuse and not con- 
fined to a few organs, as we have found to be the case Another of our 
findings which we have been unable to explain is the markedly atrophic 
condition of the medial musculature of the diseased arterioles On the 
basis of the theory that essential hypertension is caused by increased 
tonus of the peripheral arterioles — and this is a theory supported by 
much cogent evidence — one would expect, by analogy with other tubular 
organs, that the medial musculature would be hyperti ophic, as is the 
elastic tissue But we have pointed out above that a progressive atrophy 
is the rule m essential hypertension 


RENAL LESIONS 

Though instances of simple chronic hypei tension which have not 
evolved from antecedent inflammatory disease of the kidney are here 
considered as cases of essential hypertension, nevertheless, renal lesions 
form an almost constant finding when such cases come to necropsy 
The relation of these renal lesions to the high blood pressure has 
occupied the focal point of all discussions relative to the pathogenesis of 
the hypertension It was formerly believed that the renal lesions are the 
results of a chronic interstitial inflammation, whence the name foi these 
cases of chronic interstitial nephritis, still in common use But the 
investigations of Ziegler , 20 Jores 8 and numerous others have demon- 
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strated beyond cavil that the pathogenetic factor in these cases is the 
arteriolosclerosis, and that the lesions of the renal parenchyma are 
secondary to the disease of the minute arterioles Nevertheless, the 
Romberg 21 school and a considerable, though diminishing, number of 
others still hold that the cause of all persistent hypertension is the renal 
lesion The untenabihty of this view is, I believe, shown by study of the 
histologic changes in essential hypertension 

As mentioned above, cases have been described by various authors 
in which chronic arterial hypertension is unaccompanied by any renal 
lesion In our series of seventy-two cases, \\e were not fortunate 
enough to observe such an instance, but there were several in which 
maximal hjpertension was associated with only minimal renal lesions 

REPORT Or CASES 

Case 1 — M L , a man, aged 52, had a history of progressive cardiac 
insufficiency, but nothing in it pointing to preceding acute nephritis The 
blood pressure was 275 systolic, and 165 diastolic No evidence of renal 
insufficiency wa"s seen 

Necropsy was performed The cause of death was diagnosed as coronary 
thrombosis The heart weighed 810 gm , there was great hypertrophy and dilata- 
tion, most marked in the left ventricle The kidneys weighed 370 gm , and were 
slightly enlarged The capsule stripped readily, revealing a smooth surface 
except for a few scattered depressions Microscopically, an infarct was seen 
Some of the vasa mterlobulares showed moderate hyperplastic intimal thicken- 
ing, but most were unaffected A few of the vasa afferentia showed slight 
hyalinization Here and there, a hyaline glomerulus and atrophic tubule 
were seen, but the parenchyma in general was excellent, the only diffuse 
change seen being moderate cloudy swelling of the tubular epithelium, obviously 
recent 

Case 2 — J S, a woman, aged 58, had a cerebral hemorrhage three months 
before admission The systolic blood pressure was 202, the diastolic 128 
There was myocardial insufficiency 

Necropsj- was performed The causes of death were diagnosed as broncho- 
pneumonia and pulmonary edema The heart weighed 400 gm , there was 
left ventricular hypertrophy and dilatation The krfneys weighed 310 gm , 
their surface was smooth Except for some elastic hyperplasia in the larger 
arterioles and a few slightly hyaline vasa afferentia, the intimate vasculature 
of the kidney appeared normal There were only very few hyaline glomeruli 
with atrophic tubules , the parenchyma m general revealed no long standing 
change 

From these cases, it is seen that very marked chronic hypertension 
may exist m the piesence of renal changes consisting solely m slight 
arteriolosclerosis with consequent obliteration of a very small number 
of glomeruli and their appertaining tubules The injury to the renal 
parenchyma may be so slight that it is necessaiy to search the sections 
carefully to discover it It is known from ablation experiments that 
about three quarters of the renal parenchyma maj r be removed without 
any renal insufficiency manifesting itself Moreover, the beautiful 

21 Romberg Krankheiten des Herzens und der Gefaesse, Stuttgart, 1921, 
p 582 
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experiments of Richards 22 have shown that only a fraction of the 
glomeruli (and piesumably also of their tubules) work at the same time 
In view of this enormous factor of safety possessed by the kidney, it 
seems impossible that the destruction of such a vanishingly small propor- 
tion of the renal parenchyma as is often found at the necropsy of cases 
of essential hypertension could, by depressing any of the functions of 
the kidney, entail such systemic consequences as hypertension 

Another anatomic consideration points m the same direction The 
kidney is made up of a large number of functionally equivalent units, 
each consisting of a glomerulus and a long urmiferous tubule Each such 
unit (nephron) is, so to speak, a miniature kidney m itself More- 
over, the vas afferens is a miniature renal artery, for, after emerging 
from the glomerulus as the vas efferens, it forms the sole or principal 
blood supply of the corresponding proximal and distal convoluted 
tubules In essential hypertension, the injury to the kidney consists m 
the successive destruction of one such unit (miniature kidney) after 
another, for when the glomerulus becomes hyahmzed as a result of the 
arteriolosclerotic process in its vas afferens, the corresponding tubule 
also atrophies Obliteration of the glomerulus entails atrophy of the 
corresponding tubule for two reasons 

1 The sole or principal blood supply of the convoluted tubules is 
furnished by the vas efferens of the corresponding glomerulus 

2 Disuse atrophies the tubular epithelium, which no longer has the 
glomerular filtrate to work on 

In view of this successive destruction of complete renal units, there 
can be no question of injury to one of the partial functions of the 
kidney while the others remain intact (This could only occur if there 
were a great difference m the factors of safety for the different partial 
functions, a view for which I know of no adequate evidence ) There 
must be, rather, a quantitatively equal reduction m all the functions In 
the vast majority of cases of essential hypertension, however, such of the 
functions of the kidney as we are able to measure are for a long time 
not appreciably depressed It does not, therefore, seem justified to hold 
that any one substance (e g, one with pressor properties) is retained 
while those which we can measure are excreted normally 

FINDINGS WHEN ESSENTIAL HYPERTENSION IS COMPLICATED 
BY RENAL INSUFFICIENCY 

Contrary to views widely held prior to the development of adequate 
methods for studying kidney function, it is now generally appreciated 
that the large majority of patients suffering from essential hypertension 
do not develop any significant renal insufficiency It has been seen, m 
the foregoing section, that the anatomic findings would not lead us 


22 Richards Kidney Function, Harvey Lectures 16 163, 1920-1921 
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to expect inadequate renal function, for the lesions in the kidney are 
focal and not diffuse The usual causes of death are directly attributable 
to the increased mechanical strain undei which the circulatory apparatus 
labors (caidiac insufficiency and cerebral vascular insults) or inter- 
current diseases However, m a certain, though small, proportion of 
cases, the kidney function becomes inadequate In our seventy-two 
cases with necropsies, five, or 7 per cent, of the patients died with 
renal insufficiency This is a much smaller incidence of uremia than is 
found in chronic nephritis 

What is the cause of renal insufficiency m this small proportion of 
cases of essential hypertension, while the vast majority (93 per cent of 
our series) complete the course of their disease with intact kidney 
function ? This question of the pathogenesis of renal insufficiency m 
essential hypertension was first systematically attacked on the basis 
of comparison of the results of modem renal function tests with the 
postmortem findings by Volhard and Fahr 23 m their well known mono- 
graph of 1914 They divided the cases of essential hypertension into 
two groups 

1 Pure (benign) hypertension without renal insufficiency In these 
cases (making up the vast majority of the total), the kidneys exhibit 
only foci of arteriolosclerotic scarring, while between these scarred areas 
there is left ample parenchyma to carry on the excretory functions 

2 Ihe combination form (Kombmationsform) or malignant hyper- 
tension, m which renal insufficiency is superimposed on a previously 
existent pure hypei tension In such uremic cases, they found, in addition 
to the arteriolosclerotic foci, glomerular and other changes which they 
did not believe could be explained solely as secondary to the mechanical 
effects of the small vessel sclerosis The glomerular findings were 
akin to those noted m cases of acute and subacute nephritis, consisting 
of proliferation of the epithelium of Bowman’s capsule and of the 
endothelial cells of the glomerular capillaries, slight accumulation of 
leukocytes in the capillary loops and exudation into the capsular space 
These changes they considered as inflammatory m nature and ns 
evidencing the addition of a toxic nephritis to the preexistent artenolo- 
sclerosis This nephritic addition was held responsible for the onset of 
lenal insufficiency 

While the clinical utility of Volhaid and Fahr’s division of cases 
of essential hypertension into two classes depending on the presence or 
absence of renal insufficiency has been generally recognized, their con- 
ception that the onset of uremia is attubutable to a superadded nephritis 
has met with spirited opposition on the part of most pathologic anatomists 

23 Volhard and Fahr Die Brightsche Nierenhrankheit, Berlin, 1914, p 80 
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(Loehlem, 9 Jores 24 and Herxheimer 25 ) The latter admit the existence, 
m a relatively slight degree, of the findings described by Volhard and 
Fahr, but believe them due solely to the vascular lesions, and do not 
consider them evidence of the addition of a toxic inflammatory com- 
ponent In more recent publications, Volhard and Fahr, while maintain- 
ing the accuracy of their original observations, have modified their 
conception of the pathogenesis of the renal insufficiency Volhard 26 
now believes the onset of inadequate renal function in a case of essential 
hypertension to be coincident with the occurrence of a general vaso- 
constriction, which has among its consequences ischemia of the glomeruli, 
albuminuric retinitis and the general pallor of the skm which is almost 
always found in renal insufficiency (even m the absence of anemia) 
in place of the previous plethoric appearance Fahr, 27 on the con- 
trary, holds that the lesions of the kidney in cases with renal insuffi- 
ciency are due to an affection of the artenoles different from the 
artenolosclerosis found m benign hypertension This affection he 
describes as a rapidly progressive necrotizing arteritis of the renal 
arterioles, which soon impedes the renal circulation sufficiently to cause 
uremia He terms the disease malignant sclerosis, in contradistinction to 
the benign sclerosis of uncomplicated hypertension I have not been 
able to find the inflammatory arteriolar changes described by Fahr in 
essential hypertension with uremia, though such inflammatory changes 
of the arterioles are occasionally seen in nephritis 

Of the seventy-two cases of essential hypertension given m Table 1, 
in only five was renal insufficiency present, manifested by nitrogen 
retention and symptoms of uremia In four others, there was moderate 
increase of nonprotem nitrogen in the blood without other clinical 
evidence of renal insufficiency or symptoms of uremia Study of the 
anatomic changes m the seventy-two cases tabulated indicates that 
instances of essential hypertension with accumulation of nitrogen m the 
blood are of three varieties, anatomically characterized by 

1 Coalescence of the arteriolosclerotic foci 

2 Occurrence of more or less diffuse reactive glomerular changes 

3 Evidence of cardiac insufficiency 

1 Coalescence of the Art ei wlosclei otic Foci — A pnori, it would 
seem that the usual cause of kidney insufficiency m essential hypertension 
with its accompanying artenolosclerosis would be the successive oblitera- 
tion of one area of parenchyma after another till the margin of safety 


24 J ores Ueber den pathologischen Umbau von Organen, Virchows Arch 

f path Anat 221 14, 1916 

25 Herxheimer Ueber die genuine arteriolosklerotische Schrumnfmere 

Beitr z path Anat u z allg Path 64 297, 1918 1 

f m„ M 0 S a 35 13? e i92 a 3 rterieIle Hochdr " ck ' Verhandl d deutsch Gesellscl. 

27 Fahr Ueber Nephrosclerose, Virchows Arch f path Anat 226 119 1919 
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has been exceeded But while this is the usual mechanism in chronic 
nephritis, in essential hypertension it evidently occurs m only a very 
small proportion of the cases In the extensive material reported m 
their monograph, Volhard and Fahr 28 did not see one instance of this 
type, but mention having been shown such material by Aschoff In our 
series, there was one uncomplicated case of this variety, and another case 
m which both tremendous obliteration of parenchyma and cardiac failure 
played parts 

Case 3— D L, a woman, aged 54, had blood pressure 225 systolic, 100 
diastolic Blood chemistry findings were urea nitrogen, 128, uric acid, 8 5, 
creatmin, 41, and sugar, 130 mg per hundred cubic centimeters Phenol- 
sulphoneplithalein excretion after intramuscular injection was less than 5 
per cent in two hours Dilution and concentration tests showed the specific 
gravity to be fixed at 1 008-1 009 Albuminuric retinitis was present Necropsy 
revealed the heart to weigh 680 gm The finely granular kidneys together 
weighed only 160 gm There was extreme arteriolosclerosis of the vasa mter- 
lobulares and vasa afferentia, which, in many instances, had progressed to 
complete obliteration of the lumen Almost all the parenchyma had been 
obliterated and replaced by cellular connective tissue Nearly all the glomeruli 
had been completely hyalimzed There were islands of dilated tubules lined 
by low epithelium A few regenerated tubules were seen The few glomeruli 
that were not obliterated were hypertrophic and exhibited no proliferative 
or exudative changes There was little round cell mfitration 

In the foregoing case, the gradual obliteration of the glomeruli and 
their appertaining tubules finally progressed so far that compensation by 
the vicariously functioning remaining units became impossible In the 
following case, destruction of the renal parenchyma had not proceeded 
quite so far, but cardiac failure precipitated the renal insufficiency while 
there was still a rather small amount of intact kidney tissue 

Case 4 — M R, a woman, aged 56, had blood pressure 270 systolic, 130 
diastolic The urea nitrogen, on admission, was 19 6, then rose to 48 6 mg 
per hundred cubic centimeters Phenolsulphonephthalein excretion was first 
9 5 per cent , then diminishing to 2 5, and finally to 0 per cent in two hours 
The specific gravity of the urine varied (spontaneously) between 1013 and 
1 016 Albuminuric retinitis was present 

Necropsy was performed The heart weighed 430 gm There was marked 
atherosclerosis of the larger coronary branches, one of which was freshly 
thrombosed (probably immediate cause of death) There was extensive myo- 
malacia cordis The red, granular kidneys together weighed 200 gm There 
was extreme arteriolosclerosis There were very many hyaline glomeruli and 
great fibrous replacement of the parenchyma But there were a considerable 
number of apparently intact glomeruli which were congested From the amount of 
uninjured parenchyma, one would not expect severe renal insufficiency The 
onset of the latter was evidently precipitated by cardiac failure, due to the 
very severe coronary artery disease 

2 Occuit ence of Reactive Glomerulai Changes — These are the cases 
described by Volhard and Fahr (discussed above) as the combination 
form The arteriosclerotic process is well marked, but between the 

28 Volhard and Fahr Die Brightsche Nierenkrankheit, Berlin, 1914, p 65 
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areas of hyalmized glomeruli and atrophic tubules there are considerable 
portions which have not undergone arteriolosclerotic atrophy These 
glomeruli present, to a varying degree, proliferative and exudative 
changes Three such cases were included in the foregoing senes 

Case 5 — E I, a man, aged 47, known to have had hypertension for two 
years before admission, complained of headache, weakness and increasing 
irritability for the last six months He was irrational when admitted There was 
no cyanosis, dyspnea or edema The blood pressure ranged from 230 systolic, 
120 diastolic, to 240 systolic, 170 diastolic The urea nitrogen was 689, later, 
89 7, uric acid, 4, and creatmm 41 mg per hundred cubic centimeters The 
phenolsulphonephthalein output after intramuscular injection was 7 per cent 
in two hours Examination of the urine revealed specific gravity, 1 010, a 
heavy trace of albumin and a few hyaline casts The concentration test could 
not be done Ophthalmoscopic examination was neglected Soon after admis- 
sion, the patient went into coma and died, eight days after entrance 

Necropsy was performed The heart weighed 760 gm , there was marked left 
ventricular hypertrophy and dilatation The red, finely granular kidneys 
weighed 340 gm There was extreme hyahmzation of the vasa afferentia and 
moderate hyperplastic thickening of the interlobulares A good many hyaline 
glomeruli were seen , others showed periglomerular fibrosis In a few glomeruli, 
areas of necrosis were seen In many of the tufts, proliferation of the endo- 
thelial cells had occurred so that they appeared rich in nuclei, in these 
glomeruli, the capillary loops were almost entirely devoid of red cells, being 
filled, in many instances, with a pink staining amorphous substance The 
tubules showed well marked degenerative changes Interstitial fibrosis was 
prominent, and there was considerable round cell infiltration 

Case 6 — E F, a woman, aged 34, when operated on for hernia, a year 
and a half before admission, was told that she had high blood pressure The 
chief complaints on admission were dyspnea on exertion and precordial pain 
and dizziness, both of about a year’s duration There was no history of 
nephritis, but during her last pregnancy, a year before, she had had some 
disturbances evidently correlated with the hypertension On admission, she 
was somewhat dyspneic and cyanotic The blood pressure was 208 systolic, 
132 diastolic Albuminuric retinitis was present When admitted, the renal 
function was not severely impaired, the phenolsulphonephthalein output (intra- 
muscular injection) was 35 per cent in two hours, and the blood chemistry 
findings were urea nitrogen, 19 6, and uric acid, 1 8 mg per hundred cubic 
centimeters For about a month, her condition seemed somewhat improved, 
but then she became stuporous and evidence of renal insufficiency appeared, 
the blood urea nitrogen mounting to 67 mg per hundred cubic centimeters 
During this period, a left hemiplegia appeared She was comatose during the 
last week of life 


Necropsy was performed There was a fresh hemorrhage in the region of the 
right internal capsule The heart weighed 700 gm , there was very marked hyper- 
trophy and dilatation of the left ventricle The finely granular kidneys weighed 
300 gm The smaller arterioles showed well marked hyaline-fatty mtimal 
thickening There was only slight elastic hyperplasia Only a few glomeruli 
had been hyalmized Most of the malpighian corpuscles contained few or no 
red cells in their loops In some, considerable proliferation of the nuclei of 
the tuft was present The glomerular capsules showed no evidence of epi- 
thelial proliferation, but some of them contained pink staining exudate in the 
capsular space The tubules showed only slight regressive changes The 
arterioles of the pancreas, spleen, and, to a lesser extent, of the liver showed 
moderate hyaline-fatty intimal thickening The changes m the renal paren- 
chyma were not very marked and might be interpreted as a rather slight 
acute nephritis were it not for the well marked arteriolar changes the few 
hyaline glomeruli, the enormous cardiac hypertrophy and the history of hyper- 
tension, known to have existed for a considerable time 
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Case 7 — R W , a woman, aged 71, admitted, Sept 26, 1923, had had 
diabetes for years She had had transitory hemiplegia, a few years before 
She had felt well till five weeks before admission, when swelling of the feet, 
incontinence of urine and mental deterioration set in She was stuporous 
when admitted The blood pressure was 190 systolic, 92 diastolic Albuminuric 
retinitis was present The urine contained sugar, albumin and numerous 
hyaline and granular casts, but no acetone bodies Despite the presence of 
considerable sugar, the specific gravity was only 1 020 The blood sugar, on 
admission, was 465 mg per hundred cubic centimeters, reduced to 165 mg by 
insulin The blood chemistry findings were October 1, urea nitrogen, 519, 
uric acid, 5 3, creatimn, 3 1, and sugar, 151 , October 3, urea nitrogen, 82 7, 
and sugar 240 mg per hundred cubic centimeters The patient died, October 6, 
after prolonged coma (not diabetic) 

Necropsy was performed The heart weighed 620 gm , all chambers were 
hypertrophied and dilated, the left ventricle most markedly The pale, finely 
granular kidneys together weighed 180 gm There was marked arteriolosclerosis 
There were numerous hyaline glomeruli and atrophic tubules The majority of 
the glomeruli were not, however, hyahnized They exhibited well marked 
proliferation of the nuclei within the tuft, the capillaries of which were often 
collapsed or filled with an amorphous, pink staining substance, and were 
mostly devoid of red cells Bowman’s capsule, m these glomeruli, seemed 
normal 

These cases illustrate that renal insufficiency may complicate essen- 
tial hypertension despite the fact that much of the parenchyma has 
escaped arteriolosclerotic atrophy and obliteration The glomeruli that 
have not undergone hyahnization then exhibit proliferative changes 
which are not present other than minimally m cases with intact renal 
function The original opinion of Volhard and Fahr that these changes, 
which they interpreted as mflammatoiy, are due to toxic substances of 
endogenous or exogenous origin injuring a kidney rendered susceptible 
by already existing arteriolosclerosis, is not supported by adequate evi- 
dence and has not met with assent Neither clinically nor anatomically 
is there proof that any other pathogenetic factor than the small vessel 
sclerosis plays a part in the production of the renal lesions m these 
cases with uremia It seems very probable that the proliferative changes 
m the glomeruli are to be regarded as merely a reaction to a rapid 
course of the arteriolar process, i e , as analogous to the reaction at the 
borders of an infarct 1 29 have observed similar proliferation of the 
nuclei of the glomerular tuft as well as leukocytic accumulation m the 
capillary loops in a case of periarteritis nodosa in which the vasa 
afferentia were veiy acutely involved Weighty evidence that the 
arteriosclerotic process in these cases has a more rapid tempo than m 
the cases without uremia is afforded by Fahr’s 27 statistics, which show 
that m cases of essential hypertension with associated uremia the 
patients usually die at a younger age than in those cases not terminated 
by renal insufficiency This is borne out by Cases 5 and 6 Were 
renal insufficiency m essential hypertension usually due to the progression 

29 Fishberg, A M Zur Kenntnis der Periarterntis Nodosa, Virchows 
Arch f path Anat 240 483, 1923 
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of the slow obliteration of renal parenchyma till the factor of safety is 
exceeded, death from uremia should occur at a higher average age than 
death from cerebral hemorrhage or cardiac failure But tins is not 
the case 

Clinically and anatomicall} , the cases of this group may be divided 
into two stages 

1 A phase of pure hypertension Though the patients may have no 
symptoms during this period, which often stretches ever many years, 
its existence is proved at necropsy by the arteriolar changes and the 
great cardiac hypertrophy, which are obviously not of recent origin 

2 A phase of renal insufficiency, usually of comparatively brief 
duration This is apparently coincident with the onset of the glomerular 
reaction, the histologic characteristics of which indicate its brief duration 
The central point of the whole problem — what causes the change from 
the first, relatively benign, stage to the second period with its fatal renal 
insufficiency — is totally unexplained We do not know, aside from the 
rare cases included under Group 1, why this transition to the stage of 
kidney insufficiency occurs m so small a proportion of cases of essential 
hypertension, while the large majority never develop renal symptoms 
Whether this change is due to the addition of a functional vasoconstric- 
tion to the already present artenolosclerosis, 26 or is to be attributed to an 
accleration of the arteriolar lesions per se, cannot be said In contradis- 
tinction to nephritis, the reactive changes m the glomeruli are not exten- 
sive enough to be regarded as the cause of the uremia They are merely 
reactions to, and indicative of, the rapid arteriolar process which, by 
interfering with the circulation through the kidney, is the actual cause of 
the renal insufficiency 

3 Evidence of Cardiac Insufficiency — In four cases of the fore- 
going series, moderate increase m the nonprotem nitrogen of the blood 
(to over 40 mg urea nitrogen per 100 cubic centimeters) was present 
In each of these cases, theie was severe cardiac insufficiency, evidenced 
at postmortem examination by chronic passive congestion of the various 
organs, including the kidney In view of the predominant involvement 
of the renal arterioles by the arteriosclerotic process, it is seen that 
m essential hypertension the kidney forms a locus mmoris resistenti ae 
m the circulation It therefore suffers from myocardial insufficiency 
before the other organs, with resultant albuminuria and increase of the 
nonprotem nitrogen of the blood In confirmation of this view, I have 
repeatedly observed that increase m nonprotem nitrogen occurs much 
more readily m cardiac failure secondary to hypertension than when 
the circulatory insufficiency follows valvular lesions The accumulation 
of nitrogen m the blood thus engendered is usually slight or moderate, 
not being much above 40 mg of urea nitrogen per hundred cubic centi- 
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meters in any of the foregoing series I have not seen symptoms of 
urinary intoxication attributable to cardiac failure alone in the absence of 
very severe lesions of the kidney or unnai y obstruction Increase of 
blood nitrogen due to cardiac insufficiency is usually readily differenti- 
ated from beginning renal insufficiency by the high specific gravity of the 
urine, which is “cardiac” in all its characteristics 

RECAPITULATION 

1 In seventy-two cases of essential hypertension coming to necropsy, 
lesions of the terminal arterioles (artenolosclerosis) were invariably 
present 

2 In every instance, the minute arterioles of the kidney (vasa affer- 
entia and interlobulares) were affected 

3 The splenic arterioles were affected in about two thirds of the 
cases, the pancreatic in about half, the hepatic in less than a third, 
and the cerebral m about one fifth The lesions in these organs, when 
present, were not nearly so marked as m the kidney 

4 The terminal arterioles of the skin, skeletal muscles, myocardium, 
lungs, gastro-intestmal tract and thyroid were very rarely involved and 
then to only an insignificant extent 

5 The distribution of artenolosclerosis is different from that of 
large vessel atherosclerosis , the latter has its site of predilection in the 
heart, brain and extremities, while artenolosclerosis is most frequent 
m the kidney, spleen and pancreas 

6 The view that hypertension is due to the statically increased 
resistance offered by organic lesions of the arterioles is untenable A 
true generalized artenolosclerosis does not exist m association with 
essential hypertension and, therefore, cannot be the cause of the latter 

7 Changes m the arterioles of a nature similar to the arterio- 
sclerosis of essential hypertension occm physiologically with advancing 
years Artenolosclerosis is a pathologic exaggeration of these physio- 
logic changes, resulting from the increased wear and tear incidental 
to the hypertension 

8 The anatomic changes m the kidney cannot be reconciled with the 
theory that essential hypertension is due to a disorder of renal function 

9 Only five of seventy-two cases of essential hypertension coming 
to necropsy had renal insufficiency Increase m the nonprotem nitrogen 
of the blood m essential hypertension may occur in three ways, anatom- 
ically characterized by 

a Coalescence of the arteriolosclerotic foci in the kidney 

b Occurrence of more or less diffuse reaction glomerular changes 

c Evidence of cardiac insufficiency 
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Lectures on Pathology By Ludwig Aschoff, M D , Professor of Pathologic 
Anatomy, University of Freiburg Delivered in the United States, 1924 
Thirty-Five Illustrations 

This book contains a number of lectures that were delivered by Professor 
Aschoff, during Ins recent visit to the United States It includes, among others, 
the Lane Lectures of Leland Stanford University, the Janeway Lectures of 
the Mount Sinai Hospital, New York, and the Osier Memorial and the Harvey 
Lectures 

Altogether there are fourteen separate papers The subjects discussed are 
varied They cover a wide range of pathologic data and evidently are not 
intended to form a consistent series All, however, are concerned with subjects 
vital to medicine at the present time Among these subjects, one finds the 
following the reticulo-endothelial system , the pathogenesis of human pul- 
monary consumption, concept of inflammation, pathologic fatty changes, the 
normal and pathologic morphology of the suprarenals, atherosclerosis, ovulation 
and menstruation , the orthology and pathology of the extrahepatic passages , 
the site of formation of bile pigment, thrombosis, the relation of mucosal 
erosions to the development of ulcers of the stomach, the goiter problem, 
especially the goiter of puberty, renal secretions, and renal diseases 

It is impossible, in this review, to give a resume or even to state the main 
conclusions of the author On all these problems, he has worked and written 
for years, and these lectures are really condensations of his numerous papers 
and monographs For that reason, many physicians will find this book most 
useful in obtaining fairly concise statements of Aschoff’s voluminous writings 

Of greatest interest, probably, are his discussions of the reticulo-endothelial 
system and the pathogenesis of human pulmonary consumption More espe- 
cially, Aschoff discusses, in connection with the reticulo-endothelial system, 
the morphology and origin of its elements, and then takes up the reaction of 
these cells in various pathologic processes, laying stress particularly on their 
relation to blood destruction, to bile pigment production, to their participation 
in general metabolic functions, such as the metabolism of fat, the metabolism 
of proteins, and their relation to the storage and metabolism of iron Of 
particular interest, too, is his discussion of this system m relation to defense 
reactions and ferment production 

Aschoff presents concisely his well known views on pulmonary tuberculosis, 
emphasizing the importance of recognizing a primary infectious stage, char- 
acterized by an exudative, rapidly caseating bronchopneumonia, which is usually 
single There may be a reinfection, which is usually multiple, this often occurs 
at the apex of the lung and results commonly m a process of cicatrization and 
contraction, this forming the productive type of phthisis 

His concept of inflammation is founded on a broad biologic basis He 
analyzes in detail the various factors entering into this process, and presents 
an interesting but exceedingly complex tabular representation of the inflam- 
matory reactions 

Aschoff emphasizes the complexity of the process of thrombosis and dis- 
cusses several factors m the formation of thrombi He takes up so-called 
spontaneous thrombosis, presenting m a masterly way its morphology and the 
mechanics of its formation This chapter is recommended especially to the 
surgeon for his careful consideration 

Attention is called to the interesting chapter on mucosal erosions Here 
appear many statements bearing on the origin and prevention of ulcers of the 
stomach 
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To those interested in the study of goiter, his morphologic discussion of 
the problem will be of interest He also draws many comparisons between 
the disease as it appears in Europe and in this country 

The author has a wide range of detailed information not only in the field 
of morphology, where he stands supreme, but also in biochemistry, bacteriology, 
immunity, and especially in comparative pathology From all these sources, 
he utilizes and correlates important data in the elucidation of disease processes 

The Physiology of Exercise A Textbook tor Students of Physical Edu- 
cation By James Huff McCurdy, AM, MD, MPE, Director of 
Physical Education Course in the International Young Men’s Christian 
Association College, Springfield, Mass , Editor of the American Physical 
Education Review Illustrated Pp 242 Philadelphia Lea and Febiger, 
1924 

This book was written to serve as a guide and text for students and 
teachers of physical education, and most of the material presented was obtained 
through studies carried on over a period of more than tiventy years at the 
International Young Men’s Christian Association College at Springfield There 
is an extensive bibliography, and frequent references to the literature on the 
subject are made It deals largely with the effects of exercise and the various 
forms of athletic contests on individuals, both in regard to general constitu- 
tional effects and to the influence of exercise on the various organs, with 
particular emphasis on functional changes 
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STANDARDIZATION OF THYROID PREPARATIONS ^ 

REID HUNT, MD 

BOSTON 

Although thyroid is one of the most valuable and specific drugs 
used in therapeutics, its dosage is largely empiric a given preparation 
is administered until the desired effect is obtained, but the dosage 
thus determined does not hold for other preparations and sometimes, 
as will be shown below, not even for another preparation of the same 
manufacturer, although it may bear the same label The doses men- 
tioned in clinical reports are usually meaningless, they seldom convey 
useful and sometimes convey misleading information The same is 
true of the labels on most of the commercial preparations 

This state of affairs, which would be considered intolerable m the 
case of other important drugs, lesults from the fact that there is no 
generally accepted standard for thyroid There are, moreover, peculiar 
difficulties in fixing either a chemical or physiologic standard for this 
drug Present knowledge of the “active principle” or of principles 
of thyroid does not aid very materially m the fixing of standards 
It is not certainly known in what foim the active agent reaches the 
blood from the gland or from the intestinal tract when the drug is 
administered by mouth There is little doubt that the active agent is 
contained in the lodothyroglobulm of the gland, and the work of 
Hektoen, Carlson and Schulhof 1 would suggest that this is secreted, 
to some extent at least, by the gland There is no evidence, however, 
that lodothyroglobulm when it reaches the blood is itself physiologically 
active, I have found that of a foreign species (sheep), when injected 
intravenously into mice, to be entirely inactive as tested by the delicate 
acetomtnl method (descnbed below) The same preparation given in 
the same doses by mouth was approximately as active as the entire 
gland when administered m equuodin doses 2 Although the “active 
principle” is contained m the thyioglobuhn, probably as a part of the 

* From the Department of Pharmacology, Medical School of Harvard 
University 

1 Hektoen, L , Carlson, A J , and Schulhof, Kamil Precipitin Reaction 

of Thyroglobulin, Presence of Thyroglobulm m Thyroid Lymph of Goitrous 
Dogs, J A M A 81 86 (July 14) 1923 ' ' 

2 I am indebted to Dr A T Cameron for placing the preparations of 
lodothyroglobulm at my disposal 
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molecule, the determination of the amount of this globulin m a gland 
cannot be used as a method of assay, for the physiologic activity of 
different specimens of thyroglobulin vanes greatly (according to the 
amount of 10dm present) The amount of “thyroxin” (a definite 10dm 
compound which may be obtained from thyroid and which seems 
undoubtedly to be the essentially active group in the gland) cannot 
be used as a basis for standardization foi, at least with the present 
methods, there does not seem to be a constant relation between the 
amount of thyroxin that can be obtained from a gland and the physio- 
logic activity of the latter 

The proposal has been made, but apparently never put into practice, 
that the gland be standardized by physiologic methods, and a number 
of these have been suggested The best of these methods would seem 
to be the determination of the effects on the basal metabolism m cases 
of myxedema , 3 although probably similar experiments on thyroid- 
ectomized animals would be satisfactory 

The U S P IX, on the suggestion of Hunt and Seidell, adopted 
a standard based on the 10dm content of the gland, but this standard 
has been adopted by only a few manufacturers, probably because most 
clinicians are satisfied to use unstandardized pi eparations , unsatisfactory 
results with commeicial preparations aie usually attributed, without 
any demonstrated basis m fact, to the age of the preparation, improper 
methods of manufacture or to some ldiosynciasy on the part of the 
patient Moreover, doubts have been expressed lecently as to whether 
the 10dm content of the gland is really a measure of its physiologic 
activity, the belief that thyroid contains physiologically “inactive 10dm” 
m large but variable amounts has been strengthened in some quarters 
by the fact that only a fraction of the 10dm can be secured m combina- 
tion as thyioxm It is obviously impossible, however, to draw any safe 
conclusions as to the physiologic activity of the 10dm combination m 
the thyroid from the products obtained by treating the gland with sodium 
hydroxid 

I have pointed out, m earlier papers, that there is a close parallelism 
between the 10dm content of diffeient prepaiations of thyroid and their 
various physiologic effects , Cameron 4 has recently summarized the 
literature on this subject and, with Caimichael, intioduced a new method 
for studying the problem 

INACTIVE IODIN 

If however, the 10dm content of the thyioid is to be used as the 
basis for standardization, it is necessary to be certain that glands which 
are to be used m medicine do not contain “inactive 10dm,” i e , inactive 

3 Comparisons should be made with Kowitz Ztschr f d ges exper Med 
34 457, 1923 

4 Cameron, A T Canad M A J 14 407 (May) 1924 
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m the sense that some of the 10 dm is not present in the combination 
producing the typical effects of thyroid 

Experiments— In investigating this subject experimentally, I have 
continued to make use of the “acetonitril reaction” (the mci eased lesist- 
ance to acetonitril produced m white mice by the administration of 
thyroid) , this seems to be the simplest and most delicate of the tests 
on animals proposed The lesults are, moreover, m entire haimony with 
the lesults of other methods and also with clinical experience 

1 5 6 have recently discussed ceitam criticisms that have been made of 
this method, and emphasized that the test is “specific” only in the sense 
that an increased metabolic rate is a specific test for hyperthyroidism , 
in either case, ceitam othei factois must be eliminated For just as 
muscular activity, the administration of epinephiin and of certain foods 
increase the metabolism, so there are factors other than thyroid which 
will alter the resistance of mice to acetonitril However, m actual prac- 
tice there is no more difficulty m determining whether thyroid increases 
m a specific way the resistance of mice to the nitril than theie is m 
determining whether it is the thyroid which increases the basal metabo- 
lism when administered to a patient with myxedema m the one case, a 
decigram or two of thyroid is given daily to a patient receiving several 
hundred giams of food, and m the other a few tenths of a milligram of 
thyroid aie given to a mouse leceivmg seveial thousand milligrams of 
food and the effects of the nitril determined on a group of mice that have 
received only the food, and on other groups of mice receiving both the 
food and the minute amounts of thyroid 

In my earliest papers on this subject I did show, however, that cer- 
tain other glands (testis, ovary, prostate and mammary) when fed to 
mice increased the resistance to the nitril, but the doses necessary were 
hundreds or even thousands of times larger than those of the thyroid , 
there was never the slightest difficulty of distinguishing between thyroid 
and these othei glands Gellhorn 0 has recently found that “optones” 
obtained from some of these glands and also from the thyroid cause 
a slight mciease m the resistance of mice to acetonitril, and concluded 
that the nitril test is not specific for thyroid Gellhorn, however, 
injected from 200 to 300 mg of the optones subcutaneously, and the 
degree of increased resistance he obtained was far less than that which 
I constantly obtain when a few tenths of a milligram of the entire 
thyroid is fed , the effect was also different from that of thyroid, for it 
continued for seveial weeks aftei the injections of the optones were 
discontinued So far as I can learn, no evidence has been published to 
show that these thyroid “optones” have the action most characteristic 

5 Hunt, Reid Am J Physiol 63 25 7 (Jan ) 1923 

6 Gellhorn Arch f d ges Physiol 200 571, 1923 
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of thyioid, viz , the increase in basal metabolism especially marked in 
cases of myxedema (A review of Zondek’s “Die Krankheiten der 
endoknnen Drusen” states that this author found the thyroid optones 
to have no action on basal metabolism 7 ) On the other hand, I found 
products of the panel eatic and peptic digestion of thyioglobulm to cause 
a marked increase in resistance to the nitril when fed in doses of from 
0 3 to 0 5 mg a day for five days 

I have applied the acetonitnl test to about thirty thyroids of adult 
animals, and have not found a single case in which the degree of 
resistance produced was not closely pioportional to the 10 dm content, 
although the latter varied from 0 01 to 0 531 per cent In some cases, 
the parallelism was not as close as in otheis, but I am not certain that 
the variations were not within the range of the error in the method 
The value of a method of basing dosage on lodm content is best 
shown, however, by comparing the results of experiments in which this 


Table 1 — Results vi Evpei intent 1* 


Preparation 

lodin, 
per Cent 

Weight of 
Substance 
Ped per Day 
(for 5 Days), 
Mg 

Weight of 
lodin in 
Sample 
per Daj 

Mg 

Minimal 
Patal Dose 
of Acetonitnl, 
Mg per 

Gm of 
Mouse 

Controls 

0 

0 

0 

0 45 

Thyroglobulin 

0 444 

0 451 

0002 

3 50 

Thyroxin 

65 

0 00462 

0 003 

2 SO 

Thyroid 1 

0 531 

0 370 

0 002 

3 70 

Thyroid 12 

Thyroid 12 

OIOS 

1 851 

0 002 

380 

OIOS 

0 376 

0 00041 

0 42 


* In tins experiment are included results obtained with a sample of tliyroglobulin, and also 
with thyroxin 


method was used with those in which dosage was based on the amount 
of the gland (irrespective of the 10 dm content) , in the absence of a 
standard, the latter method is the one natuially employed 

A typical experiment of this character is given m Table 1 , others 
will be given later 

Thus Thyroids 1 and 12, when fed in equal lodin amounts, had 
practically the same protective action, the mice being piotected against 
between eight and nine fatal doses of the nitril When fed in equal 
doses of substance, Thyroid 1 protected against eight fatal doses, but 
Thyroid 12 had no protective action 

So far as I can discover, the only expeiiments leported which 
suggest that thyroid (that is, thyroid itself, not the pioducts of its lrydrol- 
ysis) may contain inactive 10 dm are some that I reported in connection 
with certain fetal and pathologic glands, a repoit on two fetal glands 

7 Comparison should be made with Loewy and Zondek Ztschr f khn 
Med 95 282, 1922 
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by Miura, 8 and those of Marine and Rogofif 9 on thyroids recently iodized 
m vivo The latter authors, experimenting on dogs, state that only 
a small fraction of the lodm taken up by the thyroid after the injection 
of potassium lodid had been transformed into active lodm within thirty 
hours , the tadpole method of assay was used, a method that has been 
shown not to give trustworthy data as to the activity of thyroid prepara- 
tions in mammals 10 I had found that all the 10 dm that had been taken 
up by the thyroid of dogs after two doses of iodoform (given by 
mouth at an interval of twenty-four hours) was m the active form 
twenty-four hours after the second dose 

I have recently injected sodium lodid intravenously into rats and 
removed the thyroids at different periods and fed them to mice, and 
then tested the resistance of the latter to acetomtril The thyroids 
removed from eight to sixteen hours after the injection of the lodid 
had no greater activity than the controls, those removed twenty-four 
hours after the injection had a marked physiologic action, which was 
almost, if not quite, as great as that of those removed forty-eight, 
seventy-two, ninety-six and 144 hours after the injection The result 
was the same whether 0 3 mg or 15 mg of sodium lodid per kilogram 
had been injected, l e , as I had shown several years ago, 11 the amount 
of 10 dm rendered “active” did not depend so much on the amount of 
10 dm administered as on the condition of the gland (which could be 
readily altered by the character of the diet) 

The greatest discrepancies that I have found between 10 dm content 
and physiologic activity have been in the case of fetal calf thvroids 
(given me by Dr Frederic Fenger of the Research Laboratory m Organ- 
otherapeutics of Armour and Company) Some of these specimens were 
marked “normal,” others “large,” but there was no constant relation 
between the size of the glands and the amount of 10 dm and their physi- 
ologic activity Thus a “large” fetal thyroid containing 0 01 per cent 
lodid was almost as active when fed in equuodm amounts as adult 
thyroids containing 0 335 and 0 536 per cent 10 dm, whereas a similar 
gland containing 0 014 per cent 10 dm had very slight activity and 
another with 0 05 per cent 10 dm was about half as active as a normal 
adult gland Of the “normal” fetal glands, one with 021 per cent, 
another with 0 26 per cent and a third with 0 4 per cent 10 dm had 
almost the normal activity, whereas one with 0 33 per cent 10 dm had 
a very low degree of activity 

8 Miura, M J Lab & Chn Med 7 349 (March) 1922 

9 Marine, M, and Logoff, J M J Pharm & Exper Therap 9 1 (Oct) 

1916 v 1 

10 Swingle, W W , Helff, O M, and Zwemer, R L Am T Phvsiol 70 
208 (Sept ) 1924 J y 

II Hunt, Reid Experiments on the Relation of the Thyroid to Diet T A 

M A 57 1032 (Sept 23) 1911 ’ J A 
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Thus, while there are thyioid glands with more or less “inactive” 
10 dm, it is highly impiobable that they would be found among those 
used for medicinal purposes 

Clinical Results — Of course, the final solution of the question 
whether the standardization of thyroid preparations can be based on 
their 10 dm content must come from clinics in which careful observa- 
tions on basal metabolism are made, evidence from this source is at 
present very scant, but what there is points very definitely to the con- 
clusion that the lodin standaid is valid, 01 at least that the clinical effects 
are far more nearly parallel to the lodm contained in the gland than to 
the absolute amounts of the drug administered 

Magnus-Levy 12 compared the clinical results in different forms of 
hypothyroidism following the administration of thyroid tablets, lodo- 
thynn and a preparation of thyroglobuhn containing 1 66 per cent 10 dm , 
he administered the preparations, which contained very different percent- 
ages of 10 dm, in at least approximately equuodm doses, and reported 
that, clinically, the effects of the three were the same Magnus-Levy 
also leported that lodothynn and thyroid (when given in at least approx- 
imately equuodm doses) had the same effects on gaseous metabolism 
(Other clinicians maintained that lodothynn was less active than thyroid 
or thyroglobuhn ) 

I have recently analyzed and tested physiologically some thyroid 
preparations used by Dr C C Sturgis in the tieatment of cases of 
myxedema Before treatment, the first patient had a basal metabolism 
of — 38, for three years, his metabolism had been maintained at a 
level slightly below normal by the administration of thyroid At the 
time of these observations, he was leceiving daily 0 39 gm of thyioid, 
which was found by analysis to contain 0 155 per cent lodm, the patient 
was, therefore, receiving 0 603 mg of 10 dm in the daily dose of thyroid, 
and his metabolism was — 4 For a penod of ten days, the patient 
took an average daily dose of 0 1947 gm of a preparation of thyroid 
containing 0 335 per cent of 10 dm , the 10 dm, in this dose, was 0 653 mg 
The metabolism at the end of ten days was piacticall)'' unchanged, 
being — 1 Thus, the two pieparations had piactically the same effect 
on the metabolism when given in approximately equuodm doses , the 
absolute amount of thyroid given, however, was twice as great m one 
instance as in the other I found, in experiments on mice, that it 
required approximately twice as much of the lodin-poor as of the lodm- 
rich thyroid to cause equal degrees of resistance to acetomtril 

Three months later, the patient, whose metabolism was being main- 
tained at about — 6 by an average daily dose of 0 325 gm of thyroid 
containing 0 155 per cent of 10 dm, for twenty days took an average 

12 Magnus-Levy Ztschr f khn Med 52 201, 1904 
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daily dose of 0 117 gin of thyroid with an 10 dm content of 0 531 per 
cent At the end of twenty days, the metabolism had risen to +8, 
although he had taken little more than a third as much thyroid as m 
the preceding twenty days he had, however, received a total of 12 5 
mg of 10 dm in the lodin-rich thyioid and only 10 08 mg of 10 dm in 
the lodm-poor thyroid Animal experiments showed these prepara- 
tions to have appioximately equal activity when fed m equnodm doses, 
but the one to be almost three times as active as the other when admin- 
istered in equal doses of the drug itself Had the lodm-rich prepara- 
tion been given to the patient in the same doses as the lodin-poor prep- 
aration, l e , if he had received 0 325 gm of the former, there can be 
little doubt that the results would have been veiy unpleasant, for even 
0 117 gm had had a greater effect on the metabolism than had 0 325 gm 
of the lodm-poor pieparation Some of the most widely used thyroid 
preparations contain even higher percentages of 10 dm than the fore- 
going, this shows the danger of basing thyroid dosage simply on the 
amount of drug 

In the foregoing case, an lodm-rich preparation of thyroid had a 
greater effect on the metabolism than did an lodm-poor preparation, 
although the dose of the foimer was little more than a third as great 
In the following case, an lodm-poor prepaiation had a slightly greater 
effect than one with a higher 10 dm content when the former was taken 
in doses containing somewhat more lodm than the latter The patient, 
whose metabolism before treatment was — 33, had been receiving thyroid 
for more than three yeais At the time of the present observations, 
the metabolism was — 18, and the patient was taking 013 gm of thyroid 
daily, the thyroid had 0 155 per cent 10 dm, and the patient was there- 
fore receiving 0 202 mg of 10 dm daily He leceived for ten days a 
thyroid preparation containing 0 108 per cent 10 dm m daily doses of 
0 25 gm , he therefore received 0 27 mg of lodm daily, and the metab- 
olism rose to — 11 

Some months later, this patient took a preparation of lodothyro- 
globulin containing 0 444 per cent of lodm for twenty days , the average 
daily dose was 0 0704 gm containing 0 312 mg of lodm, and this 
replaced an average daily dose of thyroid of 0 195 gm , which was 
supposed to contain 0 155 per cent 10 dm and therefore 0 307 mg of 
lodm In the course of twenty days, the metabolism rose from — 16 
to — 1 In this case, the thyroglobuhn appeared to be distinctly more 
active, in proportion to its lodm content, than the thyroid for it seems 
improbable that such a small difference m the amount of lodm given 
could account for the diffeience in the effect on metabolism, if the lodm 
was present in the same form in both preparations I am inclined 
however, to think it equally probable that the thyroid tablets varied 
somewhat m 10 dm content, as I have found to be the case with other 
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thy 1 oid tablets, and it may be that a small difference in the strength 
of thyroid would, m the course of twenty days, have a cumulative 
action sufficient to account for the difference in the effect on metabo- 
lism Foui comparisons of the activity of a sample of these tablets 
(obtained by grinding up ten tablets) with the thyroglobulm gave 
practically identical results by the acetonitnl test when given to mice 
m equnodm amounts , for example, m one of these tests, the minimal 
fatal dose of the mtril after feeding equnodm amounts of the tablets 
and the thyroglobulm was 3 4 mg per gram of mouse, whereas the 
controls died from 0 47 mg per gram The amount of thyioid sub- 
stance fed daily was 1251 mg, whereas only 0 451 mg of the thyro- 
globuhn was fed In another test, however, in which tablets that had 
not been analyzed were compared with thyroglobulm the latter was 
distinctly more active when fed to mice in amounts that weie supposed 
to contain equal amounts of lodin, in this case, the minimal fatal dose 
of the mtiil foi the mice receiving the thyroglobulm was 2 mg per 
gram, that for those receiving the tablets was 1 6 mg , whereas the 
control died from 0 5 mg 

There is not, howevei, sufficient evidence to maintain that there is 
an absolute parallelism between the physiologic activity of thyroid and 
the lodm content, that is, there is not conclusive evidence that all the 
lodm is in the same foim of combination in the normal gland (although 
theie is no evidence for the view that it is not) The important thing 
is that, with oui present knowledge, a far bettei approximation to 
correct dosage can be made when this is based on lodm content than 
when it is based on amounts of gland administered For example, 
m the foregoing case a daily dose of 0 0704 gm of thyroglobulm was 
more effective m increasing the metabolism than was a daily dose of 
0 195 gm of the piepaiation which the patient had been taking, or one 
part of the former was more than equal to 2 77 parts of the latter If 
the lodm-poor preparation had been given in the same dose (i e , 0 0704 
gm ) as the lodin-nch prepaiation, there can be no doubt that the 
patient would soon have had a relapse As a matter of fact, the 
patient had at one time been placed on an average daily dose of 0 087 gm 
of this preparation and, within a month, his metabolism fell from — 4 
to 26 , that is, 0 087 gm of the lodm-pooi pi eparation was entirely 
insufficient, whereas 0 0704 gm of the lodm-nch pi eparation caused a 
greater effect than was desired On the other hand, if the 10 dm- 
rich prepaiation had been given in the doses found satisfactory for 
the lodm-poor preparation, the lesults would probably have been very 
unpleasant As stated above, a daily dose of 0 0704 gm of the lodin- 
rich preparation had a greater (and undesired) effect on the metabolism 
than did 0 195 gm of the lodm-pooi preparation 
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It had been found that 0 195 gni of the lodm-poor preparation 
was the dose best suited to this patient , if 0 195 gm of the lodm-nch 
preparation (and there are on the market preparations even more active 
than this) had been substituted for this, the result would have been that 
the patient would have l eceived the equivalent of 0 54 gm of the 
weaker pieparation, for, according to the foregoing clinical and also 
experimental lesults, 1 part of the stronger preparation was rather 
more active than 2 77 parts of the weaker preparation As a matter 
of fact, less than one half (0 26 gm daily) of the latter had at one 
time been given to this patient, with the result that the metabolism 
lapidly rose from 32 per cent below normal to 4 per cent above 
normal and with a loss of weight of 2 7 kilograms, and the dose was 
theiefore l educed to 0 195 gm 

I also compared the effects of two of the most widely used thyroid 
preparations on the resistance of mice to acetomtril, and found that 
approximately equal degrees of resistance were obtained when one was 
fed m doses from five to six times larger than the other Analysis 
showed the "strongei” of these preparations to have 5 52 times as much 
10 dm as the weaker preparation Dr Pelican of the Children’s Hos- 
pital found that m the treatment of a case of cretinism (a child 5 months 
old), these preparations had practically the same therapeutic effect 
when fed in equuodin doses , the amount of thyroid administered daily 
in the one case (B) was 9 6 mg, whereas m the other (A) it was 
53 mg (these statements as to the amount of thyroid in the tablets 
are based on the assumption that the statements on the labels were 
correct) These doses (9 6 mg of B and 53 mg of A) gave about 
the optimum theiapeutic results, there can be little doubt that, if 
the doses had been based on the amount of thyroid fed, that is, if 
53 mg of B or only 9 6 mg of A had been administered, the condition 
of the patient would soon have altered for the worse Such a sub- 
stitution would have been equivalent to increasing fivefold the dose of B, 
which was giving satisfactory clinical results, or to reducing that of A 
to one fifth of the dose which experience had shown to be suitable 

COMMERCIAL PREPARATIONS OF THYROID 

It is highly desirable that further clinical tests be made with doses 
of thyroid based on 10 dm content Unfortunately, however, the avail- 
able commercial preparations are not suited for such tests, as is shown 
by an examination of curient drug catalogues Prof W A Puckner 
Secretary of the Council on Pharmacy and Chemistry of the American 
Medical Association, kindly sent me a summary of the statements 
concerning thyroid contained m nineteen such circulars In only five 
was the assei tion made that the preparations were of USP stand- 
ard Reference was made to the lodm content m the circulars of two 
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other firms it was stated that, in one, the desiccated gland contained 
not less than 0 3 per cent of todin m organic combination, in the 
other that each product lepresented the stated amount of the fresh gland, 
containing not less than 0 05 per cent of 10 dm Other circulars simply 
stated that 1 gram of the preparation, or frequently “1 tablet,” rep- 
resents 5 grains of the fresh gland Physicians at the present time 
are about as likely to think of thyroid dosage m terms of the fresh gland 
as they would of the dosage of morphm in the fiesh juice of the 
poppy Still, the statement that 1 grain of the dried gland corresponds 
to 5 grains of the fiesh gland, or to 5 grains of the fresh gland con- 
taining not less than a certain percentage of 10 dm, may indicate that 
approximately normal glands are used But the statement “not less 


Table 2 — Analysts of Tablets Obtained from Boston Hospitals 
oi on Open Maiket 




Relative Amounts of 


Iodm per 

lodin in Tablets 


Tablet, 

t ' — 

>v 

Tablet Stated to Represent 

Mg 

Theoretical 

Round 

% grain fresh thyroid 

0 0366 

1 

1 

% grain fresh thyroid 

0 0442 

2 

121 

1 grain fresh thyroid 

00992 

4 

2 71 

2% grains fresh thyroid 

0 253 

10 

0 91 

5 grams fresh thyroid 

0 439 

20 

1198 


Table 3 — Analysis of Tablets 

Obtained in 

Manitoba 




Relative Amounts of 

Tablet Stated to Represent 

lodin Found 
m Tablet, 

lodin in Tablets 
, * . 

Mg 

Theoretical 

Found 

% grafn fresh thyroid 

0 0283 

1 

1 

% grain fresh thyroid 

5 grains fresh thyroid 

0 0363 

2 

128 

a 

0 387 

20 

13 70 

b 

0 410 

20 

14 50 

c 

0 400 

20 

1412 


than” so much 10 dm is almost as objectionable from the standpoint 
of rational and safe therapeutics as would be the statement that a 
preparation of nux vomica contains “not less than” so much strychnin 

Tablets of the same firm stated to contain equal amounts of thyroid 
were sometimes found to contain diffeient amounts of lodin and “half- 
gram tablets did not always contain twice as much 10 dm as did “quarter- 
gram tablets Thus, analysis of tablets obtained from Boston hos- 
pitals, or bought on the open market, and stated to have been made in 
the United States, is given in Table 2 

Cameron found similaily labeled tablets obtained from a local phar- 
macist m Manitoba and stated to have originated m England to con- 
tain amounts of 10 dm as given in Table 3 
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When the quarter and half giain tablets were fed to mice in doses 
containing equal amounts of 10 dm, the effect on the resistance to aceto- 
mtril was practically the same 

When, however, in another series of experiments, the dosage was 
based on the amount of thyroid stated to be present, that is, when it was 
assumed that a half gram tablet would have the same physiologic effect 
as two quarter gram tablets, the quarter gram tablet caused a high degiee 
of resistance in the mice, whereas the half gram tablet had little effect, 
another indication that thyioid dosage should be based on 10 dm con- 
tent rather than on the amount of thyroid This is of more than theo- 
retical interest if a physician were to substitute one of these half 
gram tablets for two quaiter giam tablets m the treatment of a case 
of cretinism, for example, the progress of treatment would doubt- 
lessly be interrupted until the pioper dosage of the new preparation 
had been determined 

Physicians m leportmg results fiom thyioid administration usually 
fail to state whether by a “2 gram thyroid tablet” they lefer to a tablet 
containing 2 grains of dried thyroid or to one containing the equivalent 


Table 4 — Results When Quaitei and Half Gram Tablets in Doses Containing 
Equal Amounts of Iodin Were Fed to Mice 



Iodin in Thyroid 
Fed Daily for 

7 Days 

Lowest Fatal Dose 
of Acetonitnl per 


Gram Mouse 

Control 

— 

0 47 

% gram 

0 002 mg 

3 20 

% gram 

0 002 mg 

350 


of 2 giams of the fresh gland, or about one-fifth as much, and, since 
the percentage of iodin in the thyroid of the tablets that I have examined, 
assuming that the amount of thyroid piesent is coriectly stated, varies 
from 0 155 to over 0 7, there is a possibility of one “2 gram tablet” 
having about twenty-five times the activity of another “2 gram tablet ” 
Physicians also frequently write of prescribing so many “thyroid 
tablets” without specifying their source or the amount of thyroid con- 
tained in them There are on the market thyi old tablets containing the 
equivalent of one one-hundreth gram of the fresh gland, and also 
tablets containing 5 grains of the dried gland (equivalent to about 25 
grains of the fresh gland), or one “tablet” may contain 2,500 times 
as much thyroid as another “tablet”, and since some thyroid has five 
times as much iodin as other preparations, and the physiologic activity 
is at least closely parallel to the iodin content, there is the possibility 
of one “tablet” having the physiologic activity of 12,500 other 
“tablets ” ls 


13 Of course, physicians using exceptionally large or exceptionally small 
doses of thyroid usually state this fact, but in very many cases, in fact in most 
cases, clinical statements as to the dosage of thyroid are practically worthless 
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A similar condition obtains in reference to the tablets on the 
European market a “0 3 gm ” tablet may mean 0 3 gm of the fresh 
gland , “0 1 gm ” may mean 0 6 or 0 2 gm of fresh thyroid (lodin 
percentage usually not stated), “0 4 gm represents an entire fresh 
thyroid gland of average size,” and so on There are also on the 
market, both in this country and abioad, a large number of nondescript 
“thyroid preparations ” Some of the various “thyroidprotems” seem 
to be simply preparations of lodothyroglobuhn of various degrees of 
purity , those that I have tested had a physiologic activity directly pro- 
portional to their lodin content Other preparations are aqueous and 
other extracts of thyroid are practically free of lodin and have, for 
all practical purposes, none of the action which makes thyioid such a 
unique and valuable diug Such preparations and also the vanous mix- 
tures of thyroid and other organs have no place m modern, rational 
therapeutics 

This state of confusion is very unfoitunate when attempts are being 
made to place thyroid therapy on a rational basis, l e , to bring the 
dosage into quantitative relations to the metabolism or to other factors 14 

Reference may be made, m this connection, to experiments I have 
performed m which the amount of thyroid which had been found to 
cause a well marked increased resistance to the nitril was given m a 
single dose instead of in divided doses spread over five or six days , 
mice receiving m a single dose thyroid containing 0 0125 mg of 
10 dm recovered, on the fourth day, from 1 3 mg of acetonitril per 
gram, whereas those receiving the same amount of thyroid in divided 
doses in the course of five days did not acquire a tolerance to more 
than 1 mg per gram, the controls died from 0 24 mg Thus, it may 
be possible to base thyroid dosage on the total amount needed, as is the 
case in some conditions with digitalis 

In other experiments, a physiologic sodium chlond solution of thyro- 
globuhn (given to me by Dr A T Cameron) was used One such 
experiment was as follows Single doses of 02 cc or of 04 cc 
were added to a small amount of the food of a mouse and no other food 
was given until this was eaten (which was done m the course of 
a day) , the usual food was then continued for four or five days when 
the resistance of the mice to the nitril was determined At the same 
time, similar doses of the thyroglobuhn were injected intravenously 
into mice , they were then continued on the same food as the other 
mice, and the resistance to the nitril was determined at the same time 


14 Comparison should be made with Boothby, in Oxford Medicine 3 
950, 1922 , Kowitz (Footnote 3) , Nobel E , and Rosenbluth, A Wien khn 
Wchnschr 37 641 (June 26) 1924 
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In another experiment, with a different prepaiation of thyroglo- 
bulm, the mice injected with the thyioglobuhn weie distinctly less 
resistant than the controls thus, the latter died fiom 1 2 mg of mtnl 
per gram , those injected with 0 3 and 0 4 c c of the globulin died from 
0 8 and 0 9 mg of the mtul, whereas it required 1 7 mg per gram 
to kill the mice given these doses by mouth at a single feeding 

Detection of Adulterated, Thyiotd — Muscle tissue treated with a 
solution of potassium lodid and dried and powdered is alleged to have 
been sold as thyroid, many proprietary “anti-fat remedies” contain 
thyroid, whereas others contain potassium lodid, extract of bladder- 
wrack and other 10 dm compounds Hence, it is desirable to have tests 
by which nonthyroid as well as thyroid-iodm may be detected In the 
case of the inorganic lodids and many of the organic 10 dm compounds, 
simple chemical tests suffice A test of this kind was included m U S P 
VIII, it consisted m treating a cold aqueous extract of the pieparation 

Table 5 — Results in Evpeument 21 


Minimal Fatal Dose of 
Acetonitnl Mg per 
Gram Mouse 


Controls, normal food 0 55 

Mice injected juth 0 2 and 0 4 c c of tliyroglobulin solution 0 55 

Mice fed a single dose of 0 2 c c of tliyroglobulin solution 1 4 

Mice fed a single dose of 0 4 c c of thyroglobubn solution 2 3 


with sodium nitrite, acidifying with concentrated nitric acid and shak- 
ing with chloroform A more delicate test consists m mixing the sus- 
pected matenal with a drop of starch paste on a white tile, a number 
of the so-called lodm-protein compounds caused a blue color at once, 
showing the presence of free 10 dm, and a large number of “organic” 
10 dm compounds and a number of “anti-fat remedies” developed a blue 
color on the addition of a drop of concentrated nitric acid Some of 
these 10 dm compounds could readily be detected, in this manner, when 
mixed with thyroid in the preparation of 1 part to 750 parts of thyroid 
Other chemical tests can be employed to distinguish between many 
organic 10 dm compounds and thyroid, but it is probable that, m some 
cases, the detection of foreign 10 dm compounds in mixtures containing 
thyroid would offer considerable difficulty and might be impossible at 
piesent when very small amounts of material are available By the 
acetomtril method, however, it is possible to determine with a con- 
siderable degree of accuracy how much of the 10 dm contained m a 
complex mixture of lodm containing compounds is present in thyroid , 
this can readily be done when only a few milligrams of material are 
available The principles undei lying this method were discussed in 
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detail, several years ago, by Seidell and myself 15 Briefly, they are 
as follows No 10dm compound was found which, m any dose, caused 
an increase in the resistance of mice at all comparable to that caused by 
thyroid, thus, m a laige number of experiments m which a few milli- 
grams of thyroid were fed to mice, the average degree of protection 
against the mtril was 13 7, that is, the mice recovered from 13 7 times 
the dose of the mtril fatal to the conti ols No nonthyroid 10dm com- 
pound was found which caused, except very rarely, an increased resist- 
ance of more than 2, even when the pieparation was fed in amounts 
containing hundreds or thousands of times as much 10dm as the thyroid 
We suggested that the nonthyroid lodm compounds caused an increased 
resistance only through their 10dm being available for increasing the 
active principle m the mouse’s own thyroid , we showed that the extent 
to which this occurred was determined by the condition of the mouse’s 
own thyroid, and that this could be modified by changes in the diet 

There were, however, differences between lodin compounds in their 
action m mci easing the resistance of mice to the mtril and also in 
increasing the activity of the thyroids of rats to which they had been 
administered Thus, some extiacts of bladdei wrack had a slight pro- 
tecting action when fed to mice in amounts containing only from fifteen 
to thuty times as much 10dm as in the minimum amount of thyroid 
which was detectable by the test, with no dose of bladderwrack, how- 
evei, was it possible to more than double the resistance of the mice It 
was necessary, in these experiments, to give veiy many times as much 
10dm m the form of potassium lodid to secure any detectable effect, 

thus, the lodin m bladderwrack seemed to be more available as a source 

of 10dm foi the thyroid than was that of potassium lodid (Such 10dm 
compounds were called “thyreotropic ”) Some lodm compounds seem 
unable to seive as a source of lodm for the thyioid, tetraiodophenol- 
phthalem, 16 for example, when fed to mice had no effect on their resist- 
ance to the mtril nor, when injected intravenously into rats, did it 

increase the activity of the thyioids of these animals (as was the case 

when sodium lodid was injected) 

When the foregoing principles weie applied to mixtures of thyroid 
and other 10dm compounds, there was no difficulty m detecting a few 
thousandths of a milligram of nonthyioid lodm or a few thousandths 
of a milligram of thyroid-iodm, although this was mixed with thousands 
of times as much nonthyroid 10dm In Table 6 are given typical experi- 
ments of this character 

15 Hunt, Reid , and Seidell, A J Pharm &. Exper Therap 2 15, 1910 

16 This compound was studied because it has been found to be a con- 
stituent of a widely advertised “anti-fat remedy” (J A M A 82 734 [March 1] 
1924) , it was thought that it might have some especial relation to the thyroid as 
has the 10 dm comnound of some extracts of bladderwrack 
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We may suppose that, in Series 1 of Table 6 , b had been prepared 
from thyroid known not to be adulterated with any foreign 10dm com- 
pound and that c (an unknown) had been found by analysis to contain 
0 218 per cent of 10dm, when fed m daily doses containing 0 00218 mg 
of 10dm, it had slightly less activity than 0 0011 mg of 10dm m b, and 
we would conclude that not more than half the 10dm was m thyroid 
combination , about a fourth the lodm m d, none of that in e (although 
it had nearly 4,000 times as much 10dm as b) and all that in f would be 
considered to be in thyroid combination 

In Senes 4 , there would be some doubt as to whether all the 
10dm in e was present in thyroid because the piotection afforded by 
thyroid was probably near a maximum with a smaller amount of 10dm , 
this question could be answered by lepeatmg the experiment, feeding 
only as much 10dm of the unknown e as was contained m b, when the 
degree of protection should be practically the same 


Table 6 — Results m Additional Expci iments 



Mg Iodin Fed Daily as 

A 

t \ 

Total Mg 
lodm in 

Fatal Dose 
of Aceto- 

Ratio of 

Senes Drag or Mixture Fed 

Thyroid 

Other Drag or 

Compound Mixture Fed 

mtnl in Mg 
per Gm 

Increased 

Protection 

1 a Controls 

0 

0 

0 

018 

10 

b Thyroid alone 

0 0011 

0 

0 0011 

0 95 

53 

c Thyroid plus potassium lodid 

0 0011 

OOOIOS 

0 00218 

077 

43 

d Thyroid plus potassium lodid 

0 0011 

0 0029 

0004 

0 98 

54 

e Potassium lodid alone 

0 

382 

3 82 

0 20 

11 

f Thyroid alone 

0 002 

00 

0 002 

18 

10 0 

4 a Controls 

0 

0 

0 

054 

10 

b Thyroid alone 

0 00053 

0 

0 00053 

20 

37 

e Thyroid plus potassium lodid 

0 00053 

01986 

019913 

22 

41 

d Potassium lodid alone 

0 

019S6 

019S6 

056 

1 + 

e Thyroid alone 

0 0015 

0 

0 0015 

40 

74 


Many similar experiments were performed in which 10dm com- 
pounds other than potassium lodid were used , the results were the 
same Dr Seidell also prepared a number of mixtures similar to the 
above and, without knowing then composition, I was able to determine 
the approximate amount of thyroid-iodm contained m them, many 
experiments involving the use of a large number of mice were, how- 
ever, necessary 

It is of interest to note m connection with the recent use of lodm 17 
m the treatment of exophthalmic goiter that m these experiments we did 
not find nonthyroid 10dm to have a distinct or constant antagonistic 
action to the thyroid , usually, the foreign 10dm compound, when fed in 
relatively large doses, slightly increased the protection afforded by the 
thyroid 


17 Loewy, A, and Zondek, H (Deutsch med Wchnschr 47 1387 FMarch 31] 
1921) used potassium lodid, Plummer and others in this country use a prepa- 
ration containing free iodm 
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These results aie somewhat analogous to those recently reported by 
Starr, Segall and Means , 18 who found that the administration of 10dm 
did not reduce the thyrotoxicosis fiom the ingestion of thyroid and 
those of Sturgis (quoted by these writers) who found, in experiments on 
labbits, that previous lodimzation had no influence on the toxic effects 
of thyroxin 

I also found that the activity of rats’ thyroids (determined by remov- 
ing and feeding them to mice) was not altered by the intravenous injec- 
tion, six hours before the rats weie killed, of large doses of sodium 
lodid , this was also ti ue when the activity of the rat thyroids had been 
increased about twofold by the intravenous injection, forty-eight hours 
previously, of small doses of sodium lodid On the other hand, I did 
find, in some experiments planned to test the suggestion made by Oswald 
that 10dm increases the secretion of the thyioid gland, as well as makes 
the secretion more active, that the intravenous injection of sodium lodid 
into mice lowered their resistance to acetomtril for a day or two, results 
which suggest that possibly the lodids have an inhibitory effect on thvroid 
secretion The latter suggestion has been made, and rejected, by 
Hildebiandt , 19 who found that “small” doses of potassium lodid lowered 
the metabolism not only of noimal but also of thyroidectomized rats 
The doses used by Hildebrandt for lats were, in proportion to body 
weight, from six to 300 times as large as those which I used for mice 

SUMMARY 

The physiologic activity of thyioid preparations as determined by 
the acetomtril test on mice and by clinical obseivations was found to be 
closely parallel to the 10dm content 

Little or no jdiysiologically inactive 10dm was found by these tests in 
the thyroids of adult animals 

Very small amounts of nonthyroid 10dm in adulterated thyroid piep- 
arations could be detected by the acetomtnl test and also by simple 
chemical tests 

Very few of the thyioid piepaiations on the maiket comply with the 
U S P standard, they weie found to vary gieatly in physiologic and 
therapeutic activity 

18 Starr, Paul, Segall, H N , and Means, J H The Effect of Iodin in 
Exophthalamic Goiter, Arch Int Med 34 355 (Sept ) 1924 

19 Hildebrandt Arch f exper Path u Pharmakol 96 292, 1923 



NAUSEA AND RELATED SENSATIONS ELICITED 
BY DUODENAL STIMULATION 

ROBERT W KEETON, MD 

CHICAGO 

The purpose of this paper is to present the lesults of a clinical ami 
laboratory study of sensation arising from stimulation of the duodenum 
The chief of these sensations is nausea Since nausea is a sensation, its 
piesence must be identified with some objective or motor phenomenon 
before it can be studied by animal expel mentation Up to the present, 
no adequate studies dealing with the mechanism of nausea have been 
noted in the liteiature I therefore believe that the present expenments 
open up a field for investigation, and hope that the data presented may 
stimulate fuither work on this impoitant subject 

METHODS 

The present study was made on a series of sixty ambulatory patients, 
the majority of whom complained of gastro-mtestmal disturbances In 
the number were many women, and piominent among their complaints 
weie symptoms suggestive of circulatory instability The Rehfuss tube 
was used foi duodenal drainage The stomach was usually washed with 
wann water, and then the bulb was allowed to pass into the duodenum 
Four test solutions were injected serially 30 per cent magnesium , 
15 per cent disodium phosphate, 2 per cent hydiochlonc acid, and 2 
per cent sodium bicarbonate In considenng the method of drainage 
employed, it is evident that we aie dealing, on the one hand, with certain 
mechanical stimuli, such as the presence of the bulb m the duodenum 
and the distention of the intestine with the injected fluids, and, on +he 
othei, with chemical stimuli It soon became evident that 2 per cent 
hydiochlonc acid and 2 per cent sodium bicarbonate had no effects 
demonsti ably different fiom the other solutions, so the use of these was 
discontinued 

EXPERIMENTAL RESULTS 

The Pi oduction of Nausea — The data which have been collected will 
be used to illustrate the points undei discussion, since they do not lend 
themselves readily to statistical presentation Some fifteen to twenty 
minutes were usually consumed in swallowing the tube and washing 
the stomach It was customary, at this point, to have the patient continue 
swallowing the tube until the duodenal mark was reached Dui mg these 
swallowing movements and after they were completed, a conversation 
was kept up m order to prevent, as far as possible, the development of 
psychic inhibitory impulses to stomach and pylorus It was no uncom- 
mon experience to have such a conversation interrupted without warning 
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by a transitory wave of nausea This would be followed by a flow of 
bile stained material from the tube Sometimes a change of position 
from the supine to the erect or from the right side to the prone 
precipitated such an attack Indeed the appeal ance of a transitory 
attack of nausea came to be regularly regarded as a signal that the bulb 
had passed into the duodenum, and that now the test solutions might 
be injected 

In Case 19, the bile was flowing freely Magnesium sulphate was 
injected and was followed by a wave of nausea The reaction of the 
material draining from the tube became strongly acid This experience 
recurred three times before a satisfactory sample of bile was obtained 
As a working hypothesis, it was assumed that, with each wave of nausea, 
the bulb of the tube had been returned to the stomach In Cases 225 
and 255, this interpretation was checked by means of a fluoroscopic 
examination A satisfactory sample of bile was obtained in each case, 
and then an injection of magnesium sulphate in one case, and sodium 
phosphate m the other, was made Immediately, a wave of nausea 
resulted, and the leaction of the matenal draining from the tube became 
strongly acid The fluoroscope now showed that the bulb was lying m die 
stomach The most striking example of nausea was found in Case 6 
The patient had been a sufferer from headaches, dysmenorrhea and 
indefinite gastro-intestmal symptoms foi a long time The gallbladder 
and appendix had been removed six months previously More recently, 
she had complained of daily attacks of dizziness After swallowing the 
bulb, the patient was quite comfortable for a period , then nausea of a 
low grade, accompanied by dizziness, manifested itself Magnesium 
sulphate was injected, drop by drop, and a typical flow of bile resulted 
On the completion of this collection and while the nausea still persisted, 
the tube was withdrawn to the stomach mark Nausea ceased at once, 
but the dizziness persisted for a period Theie can therefore be no 
doubt that nausea results from the use of the tube in the manner 
described It is next important to determine the origin of the stimulus 
producing the sensation 

Docs the Sensation Ai ise fi om the Pharynx ? — It is a well established 
fact that stimulation of the pharynx readily leads m many subjects to 
vomiting Indeed, it is difficult for the patient to swallow the bulb on 
the fiist trial because of this factor Howevei, when the bulb is once 
m the esophagus, the tendency to vomit lessens Only occasionally is a 
patient found whose pharynx is so sensitive as to l esent the presence of 
the tube, once it is m place If these patients are asked relative to the 
sensation which arises from the presence of the tube, they speak of it as 
gagging and state that there is a feeling that they are going to vomit 
They do not characterize it as nausea Any observer may readily verify 
these statements on himself, as I have done The injection, through the 
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tube, of water of distinctly different temperature from that of the body 
may elicit unpleasant sensations to which no immediate description is 
applicable, but these sensations are not nausea In fact, it is hard to see 
how a constant stimulus, such as the presence of a tube in the pharynx, 
would be mterpieted at unexpected moments as a sensation of nausea 

Does the Sensation Ansc fiom the Stomach? — The stomachs of all 
the patients were washed as a mattei of routine At times the washing 
was vigorous Water of varying temperatures was used During this 
process nausea was elicited m no instance In fact, it is a matter of 
clinical experience that in the presence of peisistent nausea, gastric 
lavage does not mciease nausea but rather relieves it 1 1 have washed 
the stomachs of a large number of dogs and rabbits through gastrostomy 
openings If the stomach of the dog was distended unduly, he would 
gulp once 01 twice and empty it through the mouth There was no 
salivation or licking of the nose which would indicate the presence 
of nausea 

Docs the Sensation Ause fiom the Duodenum? — A consideration of 
the evidence piesented, in the cases cited and others of the same series, 
leaves no doubt as to the location of the bulb m the duodenum at the 
time nausea appeared It was decided, however, to check this point on a 
dog with a gasti ostomy The bulb was introduced, under ether anes- 
thesia, into the duodenum, and the rubber tube was brought to the 
abdominal surface through the gastrostomy wound The next day, the 
stomach was washed thoioughly, even roughly, with a second tube intro- 
duced into the gastrostomy Into the latter tube, also, the test solutions 
were injected Finally, with the palpating finger, the duodenal tube was 
traced to the pyloius From none of these manipulations did salivation 
or licking of the nose (evidence of nausea) result At this point, 5 cc 
of 15 per cent disodium phosphate was injected rather rapidly into the 
duodenal tube The animal began to» salivate, licked his nose, and gave 
a few retching movements, but he did not vomit I think it is safe 
to say that, in this case, we have an experiment which duplicates the 
clinical ones cited above On another occasion, an attempt was made in 
the same animal to introduce beyond the pylorus a Rehfuss tube and 
a tube carrying a rubber balloon, so that tracings of the movements of 
the duodenum could be registered As soon as the animal waked from 
the anesthetic, an antipei istaltic wave returned both tubes to the stomach 
This occuired despite the fact that the balloon and bulb were placed 
well beyond the pylorus, presumably close to the jejunum This irrit- 
ability of the duodenum has been noted by other workers Thus, 

1 Keeton, R W, and Koch, F C Am J Physiol 37 481, 1915 Luck- 
hardt, A B , Keeton, R W , Koch, F C , and La Mcr, Victor Am J Physiol 
50 527 (Jan ) 1920 Keeton, R W , Koch, F C, and Luckhardt, A B Am 
J Physiol 51 454, 469 (April) 1920 
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Luckhardt, Phillips and Carlson, 2 * in their studies on the pylorus, observed 
that reflex emesis is certainly more leadily elicited from mechanical 
irritation of the duodenal mucous membrane near the pylorus than fiom 
simple irritation of the gastric mucosa 

The ease with which nausea is elicited appears to be a rough index 
of duodenal irritability Subjects having the greatest irritability show 
nausea when the bulb of the tube is either present in the duodenum or 
moved slightly Others, having less irritability, respond with nausea 
when the fluid is injected sufficiently rapidly to cause a distention of the 
intestine Still otheis have nausea only after a definite latent period has 
elapsed subsequent to the injection of magnesium sulphate or disodium 
phosphate Of these two, the disodium phosphate is more potent in 
producing the symptoms, but it has less effect in establishing a flow of 
bile The piesumption therefoie is strong that, m searching for the 
origin of nausea, attention will be fixed primarily on the movements of 
the duodenum rather than on a mechanism which is effectn e in causing 
the discharge of bile Thirty-four of the cases examined showed no 
nausea or other symptoms Even in the same patient, theie weie varia- 
tions from day to day in the ease with which symptoms weie elicited 

Othei Symptoms Elicited by Duodenal Stimulation — Dizziness was 
the next mos< definitely described symptom that resulted from the use of 
the tube Fn e of the twenty-six cases that showed symptoms complained 
of it One patient (Case 6) described the dizziness as coming in waves , 
another (Case 19) spoke of it as “light headedness ” In two of the 
cases (Cases 124 and 204), nausea also was present with the dizziness 
In the otheis, dizziness appeared without the nausea In Case 6, 
the dizziness persisted until the tube was completely removed from the 
mouth while the nausea disappeared when the bulb was drawn back into 
the stomach The same patient had intei mittent attacks of dizziness 
during the lemamder of the day In the other cases, the dizziness was 
quite transitory 

Piessuie Sensations Referable to the Head — There was a third 
group of sensations which have been variously described by the patients, 
but which, for com enience may be grouped under the term of “pressure 
sensations” This term, piessure, is involved in all the descriptions 
gi\ en by the patients, and m using it there was no intention of conveying 
the idea that there was an actual increased intracranial pressure, although 
such may exist The patient was asked to describe, as accurately 7 as 
possible the sensations produced His phraseology has been included in 
the accompammg table Since the opportunity 7 of studying these cases 
was often limited, the diagnoses aie provisional rather than final 

2 Luckhardt, A B , Phillips, H T , and Carlson, AT Am T Physiol 

50 57 (Oct) 1919 
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Headache — In fi\e cases (Cases 124 156, 167, 214 and 204), die 
head discomfort became so sharp that the patients characterized it as 
true headache Three of these patients were sufferers from migraine 
In Case 167 the headache which followed the stimulation was m die 
same location (left eye and left occipital region ) m winch the migraine 
headaches were customarily located In the other two (Cases 156 and 
214), the location and duration of headache were different The fourth 
patient (Case 204), who had been previously under treatment for duo- 
denal ulcer, found that the duodenal drainage on one occasion ga\e her 
relief from a persistent headache The fifth patient (Case 124) found 


Pressure Sensations Referable to Head 


Patient 

Sensation 

Manipulation 

Diagnosis of Case 

IS 

Bigness of head 

During injection of magne- 
sium sulphate 

Undetermined (cholecystitis''), 
postoperative adhesion 

28 

Fulncs = of head 

.Aspiration of duodenal con- 
tents with syringe 

Hypertin roidism, cholecystitis’ 

<Jj 

Pressure or er top 
of head, tightening 
of band about 
forehead 

Afterinjeetionof magnesium 
sulphate during the result- 
ing flow of bile 

Migraine 

sr 

Fulnr-cs over fore- 
head and eyebrows 

Distention of duodenum fol 
lowing gravity injection of 
magnesium sulphate, re- 
lieved by discontinuing in- 
jection 

Hypertension, cholelithiasis 

proved by operation 

126 

Tightness between 
the ties 

After magnesium sulphate 
and disodium phosphate 
injections 

Infected teeth, infected tonsils 
menopause 

ICO 

Heaey ftehnpin 
head and orcr 
eyebrows 

After magnesium sulphate 
injection 

Undetermined, chronic appen- 
dix suspected 

163 

Fulnes c between 
eyes, c -lending 
to temples 

Present during injection of 
magnesium sulphate, Te- 
ller ed on discontinuing 
injection 

Colitis, etiology undetermined 

172 

Fulness of head 

Following injection of mag- 
nesium sulphate and 

sodium phosphate 

Cholecystitis (not operated on) 

212 

Hear inc-ss about 
the eyes 

Ten minutes after magne- 
sium sulphate injection and 
during flow of bile 

Chronic appendicitis, meno 
pause, migraine 


that a slight headache, which was present at the onset of duodenal 
manipulation became much worse before the drainage was terminated 
In studying the role of the intestines in hunger with a balloon in the 
duodenum and one m the stomach, Ivy recently observed that 
when the hunger period begins nausea and headache occur, and tlat 
vigorous hunger contractions do not occur because of inhibition The 
distention of the duodenum by the balloon might, in this case, be 
regarded as the effective stimulus in causing the nausea and headache 

Neck Sensations — In six of the cases (Cases 41, 96, 167, 175, 222 
and 248), there were sensations referable to the neck These were 

3 I\},A C Personal communication to the author Data to be published 
soon 
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described as “tightening of neck muscles, drawing of the neck, stiffness 
of the neck, pressure over the neck and aching of the neck ” In more 
than one instance, it was stated that the sensation aroused a desire to 
massage and lub the neck 

Syncope — In Case 115, a rather remarkably organized syndrome 
resulted from the injection of the magnesium sulphate Shortly after the 
injection, the patient developed pain in the back of the head which 
radiated anteriorly across the eyes This was followed by a sense of 
weakness, faintness and three attacks of syncope On recovering, she 
stated that there was a “wooden feeling” in both legs This patient had 
developed a similar spontaneous attack ten days before this experi- 
mentally produced one This spontaneous attack was afterward followed 
by tenderness over an incision through which the gallbladder had been 
drained, and by pain beneath the right shoulder blade 

These experimental data, therefore, seem to show that the definite 
sensations enumerated above result from the stimulation of the duo- 
denum It will be noted that one of these (nausea) has a definite entity 
It was quite constantly present whenever the duodenum was at all 
irritable The others were less constantly present, were less definitely 
described by the patients, were often merged into each other, and might 
be accounted for on a circulatory (vasomotor) basis Later, the ques- 
tion of the relation of this circulatory group of sensations to nausea 
will be considered more fully 


COMMENT 

Stimulation of the Duodenum — It is important to know what results 
have been reported by other observers from duodenal stimulation 

On the motor side, it was observed by Wheelon and Thomas 4 that in 
anesthetized animals elevations in duodenal tonicity are associated 
with reductions in the height of antral waves McClure, Reynolds and 
Schwartz 5 studied, under the fluoroscope, the behavior of the stomach 
in five men who had previously swallowed a duodenal tube When the 
duodenal bulb was moved, the gastric peristalsis in two cases became 
shallow , in another, ceased for several minutes, and in a fourth changed 
into a pylorus spasm Brunemeier and Carlson 6 have shown that 
stimulation of the duodenum inhibits the tonus and contractions of the 
empty stomach These observations demonstrate the existence of a 
state that is necessary for antipenstalsis The presence of antiperistalsis 
following duodenal stimulation has been previously reported in man by 

4 Wheelon, H, and Thomas, E J Am J Physiol 59 72 (Feb) 1922 

5 McClure, C W , Reynolds, L , and Schwartz, C O On the Behavior of 
the P 3 r loric Sphincter m Normal Man, Arch Int Med 26 410 (Oct ) 1920 

6 Brunemeier, E H, and Carlson, A J Am J Physiol 36 191, 191S 
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Ivy 7 and by Lehman and Gibson , 8 and in the dog by Ivy and Mcllvam 9 
Two othei motoi phenomena also have been descnbed a maintained 
contracture or tonus of the duodenum, by Wheelon and Thomas , 10 and 
an mciease in the tone of the pylorus, by Cailson and Litt 11 

On the sensoiy side, Ivy 7 noted that the injection of an alkaline 
solution m man gives use to maiked nausea followed in two instances 
by abdominal vomiting Lehman and Gibson 8 also i epoi t nausea 
following the intioduction of a cathetei thiough a jejunal fistula into the 
duodenum McCluie, Reynolds and Schwaitz 5 noted that nausea fol- 
lowed the withdrawal of the Rehfuss bulb into the thud pait of the 
duodenum in one of their subjects 

If nausea is to be l elated to a duodenal motor phenomenon, it may 
then originate fiom any one of these thiee activities antiperistalsis, 
increased tonus of the pylorus, or increased tonus of the duodenum 
Boas , 12 from purely clinical obsei vations, consideied that nausea was 
associated with abnoimal penstalsis Alvarez 13 believes that nausea 
may be one of the symptoms elicited by an intestinal antipei istalsis He 
states that the vivid description, by patients, of nausea as coming in 
ascending waves suggests that they may be actually feeling reveise waves 
m the bowel It is a common obsei vation among roentgenologists that a 
sudden cessation of the antral waves with a relaxation of the fundus 
almost always indicates that the patient is nauseated As pieviously 
emphasized, this relaxation is a necessary condition for antiperistalsis 
Hesse 14 states that, at the beginning of nausea, there exist lecogmzable 
peristaltic waves in the antrum which are followed immediately by a 
contraction of the pylorus “in toto” and a relaxation of the fundus This 
description would easily lend itself to a duodenal origin of the stimulus 
Hatcher and Weiss 15 give experimental data showing that cats nauseated 
with tincture of digitalis resist strychnin poisoning much better than 
normal animals, which would be explained by a delay in the absorption 
of the strychnin They further state that, when a nauseant is absorbed, 
the pylorus closes and remains closed during the continuance of nausea 

7 Ivy, A C Am J Physiol 46 340 (July) 1918 

8 Lehman, E P, and Gibson, H V Jejunal Fistula, J A M A 82 1918 
(June 14) 1924 

9 Ivy, A C, and Mcllvam, G B Am J Physiol 67 124 (Dec) 1923 

10 Wheelon, H, and Thomas, E J J Lab & Clin Med 7 37S (April) 

1922 

11 Carlson, A J, and Litt, S Visceral Nervous System, Reflex Control 

of Pylorus, Arch Int Med 33 281 (March) 1924 

12 Boas Berl klin Wchnschr 46 1101, 1909 

13 Alvarez, W C Reverse Peristalsis, J A M A 69 2018 (Dec IS) 1917 

14 Hesse, O Arch f d ges Physiol 152 1, 1913 

15 Hatcher, R A, and Weiss, Soma J Pharmacol & Exper Therap 
22 139 (Oct) 1923, Seat of Emetic Action of Digitalis Bodies, Arch Int 
Med 29 690 (May) 1922 
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For this statement they furnish no evidence, unless it is drawn from the 
work of Hesse 14 Patients suffering from dizziness always described 
the sensation as of a wavehke chaiacter Not infrequently but not so 
constantly, the same descuption is applied to nausea It is therefore 
obviously impossible in the present state of knowledge to connect nausea 
with any particular motor phenomenon of the duodenum This must 
be reserved for more accurate physiologic studies A pathologic duodenal 
antipenstalsis would, however, explain the production of this symptom 
very satis factonly from a clinical point of view 

Is All Nausea of Duodenal Onegin ? — Nausea may onginate from 
widely different affei ent fields — the bladder when distended, the pregnant 
uterus, the pelvis and the ureters of the kidney, the colon, the appendix, 
the heart, the brain undei pressuie, and any peripheral neive when 
traumatized Alvarez , 10 who regards nausea as a svmptom of antipen- 
stalsis, believes that the ahoial passage of food is dependent on a meta- 
bolic giadient m the intestines The point of high metabolism is in the 
jejunum, and of low metabolism in the colon If these relations are 
reversed by nervous or humeral agents, there is a reversal in peristalsis 
and a regurgitation of chyme occurs If a pregnant uterus can cause a 
contraction of the pylorus and emesis, it can as leadily cause motor 
phenomena in the duodenum, which could be lecogmzed as nausea It is, 
of course, established that eviscerated animals 17 can be made to vomit 
They also may show some of the other reflexes associated with nausea 
(salivation), but this does not mean that the animals have the sensation 
of nausea In other woids, theie is nothing m the literature that makes 
the foregoing conception untenable It simply must be investigated 
experimentally 

THE VOMITING ACT 

Foi an understanding of nausea and these i elated sensations, one 
must review the mechanism of vomiting Clinically, the vomiting act is 
divisible into two phases, a prodiomal and an emesis phase This pio- 
dromal period manifests itself by the presence of many sensations which 
are difficult to describe Chief among these is nausea The patient may 
recognize waves of dizziness, or he may complain of fulness and pressure 
in the head If he has a sick headache, the head pain will be present, 
and m some cases this, too, is relieved with the onset of emesis It is 
difficult to secuie sufficient cooperation from a patient to obtain an 
adequate description of his symptoms He usually summaiizes die 

16 Alvarez, W C Am J Physiol 37 267, 1915, The Motor Functions 
of the Intestine from a New Point of View, J A M A 65 388 (July 31) 1915 
Alvarez, W C and Starkweather, E Am J Physiol 46 186 (June) 1918 
Alvarez, W C Physiological Rev 4 352 (July) 1924 

17 Eggleston, C, and Hatcher, R H J Pharmacol & Exper Therap 
3 551, 1912 
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situation by saying, “I am sick ” On the motor side, it will be noted 
that he is extremely pale, that his hands, foiehead and neck aie sweating, 
that the anectoies pill muscles aie contracted with the production of the 
so-called “goose flesh,” and that salivation is piofuse With the onset 
of swallowing movements, the second stage, the stage of emesis, appears 
This stage has been desciibed as a convulsive piocess involving the 
respiratoiy mechanism, the muscles of the esophagus and stomach, the 
abdomen and the body in genei al This stage of emesis is predominantly 
a motoi phase All the sensations piesent prior to its onset are at once 
relieved The patient is no longer weak, sick and nauseated He is 
well and remains so until the cycle swings again to the prodiomal phase 
Theie may be many combinations of these two phases, and emphasis 
may be placed on one 01 the other The piodromal phase may exist 
for a long penod without development of emesis, or it may be so tiansi- 
tory as to escape notice Such patients are then said to suffer fiom 
vomiting without nausea Thus, in the case of rats , 15 emesis does rot 
occui It should be appreciated that each phase has its own pattern of 
reflex integration The prodromal phase develops an evidently sensory 
pattei n and the emesis phase, a motor one 

All the facts relative to the stage of emesis have recently been com- 
pletely discussed by Hatchei 18 With this phase of the vomiting act, the 
present discussion is not concerned It is this prodromal stage, which 
is so easily recognized clinically, that requires a physiologic analysis 
The physiologists have always started their discussions of vomiting with 
the movements of the stomach, as evidenced by Hatcher’s recent review 18 
Clinicians, on the other hand, have been repeatedly furnishing evidence 
that m vomiting regurgitation of intestinal contents is an important 
feature of the act Thus, Ewald 10 has reported that in ileus the 
stomach is filled with intestinal contents long befoie fecal vomiting 
occurs All this evidence has been quite completely reviewed and sum- 
marized by Alvarez 1G The motoi phenomena of this phase would then 
consist of the establishment of intestinal antipei istalsis with a consequent 
leguigitation of chyme into the stomach Logically, then, this stage 
might be spoken of as the “stage of regurgitation ” It would be in 
sharp contrast to the “stage of emesis,” in which the motoi activity 
involves the gastric, esophageal, respiratory and skeletal muscles 

Some of the vomiting afferent impulses, onginating m the heart and 
m the duodenum, have been shown by Hatcher and Weiss 15 to be 
mediated through the sympathetics It would be expected that the reflex 
spread would be through connections most intimately associated with the 
sympathetic system So the vasomotor center and vasomotor nerves 

18 Hatcher, R A Physiological Rev 4 479 (July) 1924 

19 Ewald, C A Berl klin Wchnschr 44 1416, 1907 
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would be involved The resulting vascular activity doubtless explams 
the dizziness, weakness, pressure sensations in the neck and head, the 
headache and the syncope, which may be observed clinically in vomiting, 
and which have been produced experimentally by duodenal stimulation 
The reflex spiead would involve further the secretory mechanism, with 
resulting salivation and sweating and, later, the muscles of the hairs, 
with a production of “goose flesh ” At this point, it should be realized 
that almost eveiy wuter who has discussed nausea in an experimental 
animal, and who has written in his protocols the words, “Nausea exists,” 
has reached these conclusions because he has observed the animal sali- 
vating, because he has seen a look of dejection about the animal, and 
because he has leahzed that when these phenomena aie present in man, 
man then expei tences the sensation of nausea This sensory prodromal 
stage develops all its sensations from reflexes spreading through the 
vegetative (sympathetic autonomic) nervous system, and for this reason 
they are described with difficulty When the stoim sweeps into the 
stomach, esophagus and skeletal musculature, then the sensations 
foimerly present cease, and the “stage of emesis” is initiated Hatcher 
and Weiss 15 have presented a teleologic view of nausea in which it was 
shown to be highly advantageous to a 1 at to delay his food in the stomach, 
thus rendering the absorption quite slow With a slow absorption time, 
opportunity would be given for oxidation of the ingested poisons, and 
the rat would not secure, at any given moment, a lethal dose of toxins 
The loss of vomiting then becomes an adaptation of the animal to the 
character of his food and the exigencies under which he secures food 
While this is interesting, it in no way involves a physiologic analysis of 
the mechanism of nausea 


SUMMARY 

1 A study was made of the sensations arising from duodenal 
stimulation in a group of patients, of whom many showed symptoms of 
circulatory instability Chief among these sensations was nausea Diz- 
ziness, pressure sensations referable to the head and neck, headache and 
syncope also were elicited 

2 When the mechanism of the production of these sensations was con- 
sidered, it was suggested that nausea resulted from a motor duodenal 
dysfunction, most probably from a pathologic antiperistalsis The other 
sensations were regarded as of circulatory origin, and were explained on 
the basis of a reflex spread into the vegetative (sympathetic-autonomic) 
nervous system, involving primarily the vasomotor mechanism 

3 The vomiting act was considered as divisible into two stages to 
the first, or prodromal stage, the name of “regurgitation” might be 
appropriately given, since the primary motor phenomenon of this stage 
consists of an intestinal antiperistalsis Secondary motor phenomena 
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are to be found in salivation, sweating, cii culatory and pilomotor changes 
The sensations described above are regaided as those developed in the 
couise of the convulsive spread of the vomiting act through the vegetative 
nervous system The second stage, or stage of “emesis,” lesults when 
the convulsion sweeps out of the vegetative system and involves the 
muscles of the stomach, esophagus, lespiration and the skeletal muscles 
in general 
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Although it has long been recognized that the liver has a number of 
distinct functions, complete knowledge of any of these is still lacking 
Especially is it difficult to determine whether any of the functions 
ascribed to the liver are earned on by this organ alone and not shared 
by other organs as well There is far from general agreement in the 
interpretation of the experimental data available and from which con- 
clusions have been drawn In the light of this, it follows that any func- 
tional test, designed to measure liver abnormality, must be limited m its 
application and interpreted with gi eat caution m terms of liver function 
In any disease of the liver, it is unlikely that all functions are deianged, 
or at least equally involved, and, furthermore, there is no known single 
test which measures liver function as a whole Liver functional tests 
are comparable then to renal tests, and the problem is to find simple 
clinical measures, each demonstrating some type of liver abnormality, 
and all, taken together, allowing of a general statement of liver efficiency 
The present paper has to do with the clinical significance of urobilogen 
m the urine 

The function of the liver first recognized, and, one would assume, 
most easy of complete explanation, is that of bile formation and excre- 
tion Yet this function, especially with regard to the place of bile 
formation, and to the relationship between blood destruction and bile 
pigment formation is far from being definitely established The com- 
monly accepted belief is that bile pigment is a product of destroyed blood 
cells, that the transformation occurs in the Ivupffer cells of the liver, and 
that the hepatic cells serve the purpose of excretory cells This belief 
is based largely on indirect evidence, chiefly on the chemical relationship 
between bile and blood pigments, and on the increase m bile pigment 
following abnormal destruction of blood cells Strong opposition to the 
view that bile is formed only from blood cells is expressed by Whipple 
and Hooper, who state that the feeding of blood does not increase the 
bite output, whereas carbohydrate feeding causes a marked increase 


1* WhinnR^C™ R or ^ T;) ^' Tniversi L r Medical College and Bellevue Hospital 

.< Pnrt^Arrh T + * ’ eta bohsm and Regeneration of Hemoglobin 
in the Body, Arch Int Med 29 71 1 (June) 1922 Hooper, C W, and Whipple, 

G H Am J Phjsiol 40 349 (April) 1916, J Exper Med 23 137 (Jan) 1916 
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They conclude that their experiments overthrow the belief that bile pig- 
ment is formed only as a result of blood destruction Rous and 
McMaster 2 criticise this conclusion, and believe that it is unwarranted 
because of faults in the experimental methods employed 

The belief that the liver is the sole seat of bile pigment formation is 
based on the classic work of Minkowski and Naunyn 3 They found 
that the jaundice occuirmg in geese, following hemolysis from 
arsenuretted hydrogen did not occur m hepatectomized geese A later 
worker, McNee , 4 has repeated these experiments He found that bile 
could be detected m the urine of the hepatectomized geese, but only in 
very small amounts In general, he confirms Minkowski and Naunyn, 
and goes a step further in assuming that it is the phagocytic Kupffer 
cells in which the transformation of hemoglobin to bile pigments takes 
place He admits the possibility of the Kupffer cells in other parts of 
the body taking part in this transformation, but believes this can occur 
only to an insignificant degree 

A recent contribution to the subject is by Jones and Jones 5 6 In a 
case of paroxysmal hemoglobinuria, they obtained a positive Gmelin test 
in the blood serum taken from a ligated extremity, some time after 
exposure to the cold They consider this positive evidence of the forma- 
tion of bile pigment outside the liver This conclusion can be accepted, 
however, only when it is shown that a positive Gmelin test is certain 
proof of the presence of bilirubin 

Whipple and Hooper , 0 working along the same line on dogs, reported 
that, after cutting off all the blood supply to the liver, hemoglobin 
injected into the animal is promptly transformed into bile pigment 
Their experiments, which have been widely quoted, were generally 
accepted as proving that the liver is not necessary for bilirubin forma- 
tion Rich , 7 however, has shown that the method employed by Whipple 
and Hooper does not shut off, but m fact permits, a very active circula- 
tion m the liver In lus own experiments, in which he either extirpated 
the liver, or completely cut off its cn culation, there was not a trace of 
bilirubin in the blood serum, nor the slightest evidence of jaundice, in 
from one to five hours after the injection of hemoglobin 

2 Rous, P, and McMaster, P D J Exper Med 37 11 (Jan) 1923 
Rous, P , McMaster, P D , and Broun, GO J Exper Med 37 733 (June) 
1923, ibid 37 39S (March) 1923 

3 Minkowski and Naunyn Ikterus durch Polycholie, Arch f exper Path 
u Pharmakol 21 1, 1886 

4 McNee, J W Med Klin 28 1125, 1913, J Path & Bacteriol 18 325, 

1913 

5 Jones, C M, and Jones, B B Study of the Hemoglobin Metabolism 
in Paroxysmal Hemoglobinuria, Arch Int Med 29 669 (May) 1922 

6 Whipple, G H, and Hooper, C W J Exper Med 17 612, 1913 Am 
J Physiol 42 256 (Jan ) 1917 

7 Rich, A R Bull Johns Hopkins Hosp 34 321 (Oct ) 1923 
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Opposed to these experiments of Rich are some reported by Mann 8 
The latter has devised a three stage operation whereby the entire liver 
may be removed without disturbing the general circulation, and allowing 
a postoperative period of fiom two to ten horns, during which time 
the animal appears normal Mann states that, within a few hours after 
hepatectomy, bile pigment, or a substance responding to the tests for bile 
pigment, appears in the plasma, tissues and urine He offers no sugges- 
tion as to the origin of this substance 

We are unable to explain the diffeience in results between these two 
sets of experiments Mann states that the pigment begins to appear m 
the unne a few hours after the removal of the liver, whereas Rich’s 
maximum time of experiment was five and a half hours It is possible 
that, some hours after removal of the liver, other tissues may become 
effective as bile formers Again, there is a possibility of bile escaping 
into the abdominal cavity during the operation and being later absorbed 
Neither explanation seems plausible We feel, however, that while the 
question of place of formation of bile pigments is still an open one, the 
weight of available evidence places the liver as the chief, if not the only, 
organ concerned in the final process 

Whether or not the liver is the only organ capable of forming bile 
pigments, the pigments themselves normally eventually pass through this 
organ into the intestine The amount of bilirubin m blood serum is 
minute, one-two hundred fifty thousandths, and its presence can be 
explained either as an overflow from the liver, from a formation else- 
where, or from an absorption from the small intestine The daily flow 
of bile, under suitable experimental conditions, is quite regular The 
liver has a large factor of safety in regard to bile excretion, and 
McMaster and Rous 9 have shown that an obstruction corresponding to 
three fourths of the bile ducts may be brought about without the 
appearance of jaundice 

The bile pigments entering the intestine undergo a gradual trans- 
formation on reaching the colon It has recently been denied that any 
of the bilirubin is reabsorbed as such In 1868, Jaffe 10 isolated from 
the urine and bile a substance with definite spectroscopic properties, 
which he called urobilin He also was able to show that this substance 
showed a characteristic chemical reaction, namely, a green fluorescence, 
when an alkaline solution was treated with zinc chlond Vanlair and 

8 Mann, F C, and Magath, T B Effect of Total Removal of Liver, 
Collected Papers of the Mayo Clinic 13 200, 1921 

9 McMaster, P D , and Rous, P J Exper Med 33 731 (June) 1921 

10 Jaffe Beitrag zur Kenntms der Galeen- und Harnpigmente, Zentralbl 
f med Wissensch , 1868, p 241 , Ueber Fluoreszenz des Harnfarbstoffes, ibid 
1869, p 177 
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Masius, 11 m 1871, obtained from the stool a pigment, stercobilm, which 
they considered differed slightly from urobilin m specti oscopic relations 
Maly, 12 at about the same time, succeeded m obtaining from bilirubin, 
through reduction with sodium amalgam, a pigment corresponding spec- 
troscopically and in chemical reaction to urobilin He called this 
pigment hydrobihrubm Somewhat later, Muller demonstrated that 
bilirubin, in hydrogen atmosphere, was transformed by intestinal bac- 
teria into hydrobihrubm Finally, Gar rod and Hopkms 13 showed that 
urobilin from normal and pathologic urines, from feces, and from bile 
removed from the gallbladder postmortem is one and the same thing 
More recently, Hans Fischer and Meyer-Betz 14 and Charnas 15 again 
took up the study of urobilogen They were able to isolate it from 
pathologic urines and feces, and proved its identity with hemibilirubm, 
which Fischer obtained m a 50 per cent yield by reducing bilirubin with 
sodium amalgam 

Jaffe had found that the urobilin content in urme increased on 
exposure to light and air Disque 10 was later able to show that, by 
strong reduction of bilirubin with sodium amalgam and other reducing 
agents, the chromogen of urobilin, urobilogen, could be obtained By 
subsequent oxidation, this could be changed to urobilin 

The chemical structure of urobilogen, from the work of Nencki, 17 
contains a pyrrol nucleus Hans Fischer 18 later established the chemical 
formula of C 33 H 42 0 6 N 4 According to Fischer and Roese, 19 it has four 
pyrrol nuclei in common with hemin and bilirubin Neubauer, 20 in 1903, 
showed that Ehrlich’s reagent, dimethylamidobenzaldehyd, m hydro- 
chloric acid solution, gives a typical red coloration of urobilogen solu- 
tions This reaction is one common to pyrrol groups 

ORIGIN OF UROBILOGEN 

Since the publication of Friedrich Muller on the subject, the 
enterogenous origin of urobilogen has been generally accepted Briefly 

11 Vanlair and Masius Ueber einen neuen Abkommling des Gallenfarb- 
stoffes lm Darminhalt, Zentralbl f med Wissensch , 1871, p 369 

12 Maly Kunstliche Umwandlung von Bihrubm in Harnfarbstoff, Zentralbl 
f med Wissensch , 1871, p 849 

13 Garrod and Hopkins Preparation of Urobilin, J Physiol 20 112, 1896, 
ibid 22 451, 1898 

14 Fischer, H, and Meyer-Betz, F Ztschr f physiol Chem 75 232, 1911, 
ibid 75 339, 1911 Munchen med Wchnschr 59 799, 1912 

15 Charnas Biochem Ztschr 20 401, 1909 

16 Disque Ueber Urobilin, Ztschr f physiol Chem 2 1877, 1878 

17 Nencki and Zaleski Berl Berichte 34 997, 1901 

18 Fischer, Hans Ztschr f physiol Chem 73 204, 1911 

19 Fischer and Roese Ztschr f physiol Chem 89 25, 1914 

20 Neubauer, Otto Ueber die neue Ehrhchsche Reaktion mit Dimethyl- 
amidobenzaldehyde, Sitzungsb d Gesellsch f Morphol u Physiol in Munchen 
32 , 1903 
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stated, this conception is as follows Bilirubin, entering the intestine, 
undergoes gradual changes, and, eventually, m the large intestine, by 
means of bacterial decomposition, becomes transformed into urobilogen 
Mal> was first to call attention to the action of bacteria on bilirubin 
Latei , Friedrich Muller 21 obtained urobilogen by bringing bilirubin in 
contact with peptone solution and putrefactive bacteria Beck 22 obtained 
similar findings by mixing sterile bile with various strains of micro- 
organisms The urobilogen thus formed m the intestine is eliminated, 
in the mam, with the feces Some of it undergoes intestinal absorption 
and is carried to the liver, there to undergo further changes, pait of it, 
however, is eliminated m the urine unchanged A striking support of 
this conception is afforded by a case reported by Muller He adminis- 
tered to a patient, with a complete biliary obstruction and with no traces 
of uiobilogen m the urine, large quantities of bile Within twentv-four 
hours, urobilogen appeared m the feces, and within forty-eight hours 
in the urine Further support of this view is the fact that in the first 
days of the new-boin, no urobilogen is found in the meconium, also 
that, m active purgation, the urobilogen disappears and unchanged bile 
pigment is found m the feces 

There has been some opposition to the views of Muller In this 
country, Whipple and Hooper, 1 particularly, have questioned the intes- 
tinal production of urobilogen and its absorption into the portal circula- 
tion In fact, only as recently as 1922, they stated, “There is not a 
shred of evidence, chemically or experimentally, to indicate that sterco- 
bilin is ever absorbed fiom the intestine ” And again, “The intestinal 
absorption of stercobilm should be discredited until some positive evi- 
dence of such absorption is brought foiward ” 

Ladage, 23 after the administration of bilirubin by mouth, obtained 
a marked increase in urobilin excretion m the stool, and a slight but 
definite increase in the urine On giving 100 mg of urobilin by mouth, 
he obtained a marked increase of urobilogen in the urine It seems to 
us that this is positive evidence of intestinal absorption of the substance 

In dogs with biliary fistula and common duct occlusion, Fischler 24 
has found urobilogen m the bile coming through the fistula Wilbur 
and Addis 2 '’ have reported similar findings m animals as well as in men 

21 Muller, Friedrich Ztschr f klin Med 12 45, 1887, Verhandl Kong 
f inn Med , 1892, p 118 

22 Beck, A Ueber die Entstehung des Urobilins, Wien khn Wchnschr 
35 , 1895 

23 Ladage, A A Bijdrage tot de kennis de Urobihnurie, Dissertation, 
Leyden, 1899, quoted by Fischler (Footnote 24) 

24 Fischler, F Physiologie und Pathologie der Leber, 1906 

25 Wilbur, R L, and Addis, T Urobilin Its Clinical Significance, Arch 
Int Med 13 235 (Feb ) 1914 
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with ehol ecystostomy operations Schneider, 20 and Jones, 27 woiking 
with duodenal bile, also have found urobilogen Jones c reports an 
increase in the urobilogen of the duodenal bile in a case of paroxysmal 
hemoglobinuria within only a few hours aftei the production of an 
intravascular hemolysis of a peripheral vessel These workers, as well 
as Hayem of the French school, believe m an extra-enterogenous origin 
of urobilin, and that the liver itself possesses the faculty of forming this 
substance 

Considering, therefore, these conflicting views, a series of experi- 
ments were undertaken by us, which are herein reported We found, 
on the whole, no evidence pointing to an extra-enterogenous formation 
of urobilogen In the mam, our experiments substantiate Muller’s con- 
ception We feel that this fact is an important one since the usefulness of 
the urobilogen test, as an evidence of liver disturbance and as an aid in 
the clinical differentiation between various types of icterus, depends 
entirely on the enterogenous origin of urobilogen 

It is quite possible to explain the presence of urobilogen in the liver 
bile, as we shall see later, as the result of an infection in the biliary pas- 
sages on the one hand, and, on the other, as a return excretion of the 
absorbed intestinal urobilogen 

The belief that urobilogen may be formed in the kidney, through 
a reduction occurring in that oigan, appears to have been definitely 
disproved 

METHODS OF ESTIMATION 

The methods commonly used to determine the presence of urobilogen 
and urobilin are (1) fluorescence in the presence of zinc salts, (2) 
spectroscopic absoiption bands, (3) production of a red color by the 
addition of Ehrlich’s aldehyd reagent 

(1) The fluorescent test is a test for urobilin only While the fluorescence 
of urobilin, in the presence of 7111c salts, was shown by Jaffe, 111 1868, yet its 
practical application as a test is due to Schlesinger, -3 who, in 1903, intro- 
duced the saturated alcoholic solution of zinc acetate This, in a slightly 
alkaline reaction, gives a green fluorescence with urobilin The test is a very 
delicate one In working with pure solutions of urobilin, he could obtain reac- 
tions up to 0 002 per cent (1 50,000 dilution) Fischler, in 1906, applied this 
test to the quantitative estimation of urobilin, after having converted the 
urobilogen to urobilin by direct exposure to sunlight In comparing the delicacy 
of this test to the spectroscopic disappearance of the absorption bands, he found 
it twenty-two and one-half times as sensitive (0 002 per cent as compared to 
0 045 per cent ) 


26 Schneider, J P Anemia, Arch Int Med 17 32 (Jan ) 1916 

27 Jones, C M Blood Pigment Metabolism and Its Relation to Lncr 
Function, Arch Int Med 29 643 (May) 1922 

28 Schlesinger, H Zum klinischen Nachweis des Urobilins, Deutsch med 
Wschnschr 32 561, 1903 
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The quantitative fluorescence test was later simplified by Marcussen and 
Hansen 29 and again by Adler 30 who converted the urobilogen into urobilin 
by the addition of a three per cent solution of iodine, according to Ladage, 23 
and by Conner and Roper 51 Adler employed the saturated alcoholic solution of zinc 
acetate to carry on his dilutions He calculates his final results in terms of 
milligram of urobilin 

(2) The spectroscopic method dates back to Gerhardt, 32 who, in 1889, used 
the spectrophotometer, employing Vierordt’s tables to study the light extinction 
of solutions of urobilin as compared to normal urine Since then, the spectro- 
scopic method has had a very wide application, being used also in the Charnas 5 
and Brugsch and Retzlaf? 33 methods of urobilogen and urobilin estimations 

Wilbur and Addis, 2 " in this country, m 1914, introduced a very practical 
quantitative spectroscopic method for estimating the combined urobilogen and 
urobilin They make use of Charnas’ principle of reading the urobilogen after 
the addition of Ehrlich’s reagent, estimating at the same time the urobilin m 
the acid solution, which gives high readings and a better constant The test 
is performed as follows To 10 c c of urine out of a twenty-four hour specimen 
is added 10 c c of a saturated alcoholic solution of zinc acetate , this is filtered 
To 10 c c of the filtrate, 1 c c of Ehrlich’s reagent is added The spectroscopic 
reading is made anywhere from fifteen minutes to an hour afterward “The 
filtrate is gradually diluted with tap water until first one and then the other 
bands of light absorption have disappeared when the full amount of light 
enters the spectroscope, but are still visible when the light is partly shut off” 
The dilutions required give the value for 5 c c of urine Multiplying this 
figure by the number of 5 c c in the total twenty-four hour urine, one obtains 
the total figure of urobilogen and urobilm in the twenty-four hour specimen 

(3) Ehrlich’s aldehyd reaction, which consists of a red condensation product 
was first introduced by Otto Neubauer, in 1903 The reagent is composed of 
2 gm of paradimethylamidobenzaldehyd m 100 c c of 20 per cent hydrochloric 
acid solution This test for urobilogen is very sensitive According to Fischer, 
it will still give a reaction with a dilution of one part of urobilogen to 640,000 
parts of water 

Brugsch and Retzlaff, in 1912, and Flatow and Brunnell, in 1913, attempted 
quantitative estimations by using colorimetric standards, one employing a 
Bordeaux red solution, and the latter, phenolphthalein 

authors' method 

The quantitative test devised by the authors is dependent on 
Ehrlich’s aldehyd reaction, and consists of a series of dilutions of the 
urine carried to a point where no further reaction takes place The end- 
result is read oft where the faintest pink is still discernible The 
reading is made by looking through the mouth of the test tube, holding 
the tube obliquely against a white background Dilutions may be made 
with plain tap water 

Following are the details of the method First 1 c c of Ehrlich’s 
reagent is added to the whole urine, and the strength of the reaction 

29 Marcussen and Hansen, S J Biol Chem 36 381 (Nov) 1918 

30 Adler, A Deutsch Arch f klm Med 138 309 (Feb) 1922, ibid 140 

302 (Nov ) 1922 7 

ol Conner, L A , and Roper, J C The Relations Existing Between Bili- 
rubmemia, Urobilmuria and Urobilinemia, Arch Int Med 2 532 (Jan ) 1909 

32 Gerhardt, C Ueber Urobihnurie, Wien med Wchnschr 27 577, 1877 

33 Brugsch and Retzlaff Ztschr f exper Path u Therap 11 508, 1912 
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noted by the rapidity and intensity of its development The full develop- 
ment lequires fiom one to three minutes In strong uiobilogen concen- 
trations, a deep red color comes on promptly One learns quickly to 
gage the presence of abnormal quantities from this qualitative test, and 
dilutions aie not earned out if the coloi lemams a light red within the 
time allowed, as here one deals with normal values If, howevei. the 
original reaction indicates an increase, we then make a series of dilutions 
by adding 1 c c of the urine to 20, 30, 40, 50, 100, 200 c c of water, 
or moie Fiom 10 to 15 c c of each dilution is placed m test tubes, and 
to each is added 1 c c of Ehihch’s leagent The leading is made aftei 
from three to five minutes so as to allow the full development of the 
color The last dilution must be the faintest pink discoloration, and the 
quantitative determination is expiessed m terms of the gieatest dilution 
of the mine in which the pink coloi is present, 1 10, 1 50, etc If the 
color does not appeal within five minutes, it may be disregarded If the 
tap water is too cold, the leaction may be somewhat retarded Care 
should be taken that the coloi is a genuine pink and not a yellowish 
biown, as is often found in mines containing bile or in concentrated 
urines The test is piefeiably carried out in daylight It is best not to 
make a reading in the blight sun as the shining rays have a tendency to 
intensify the color Artificial light also does this to some extent 

In cai rymg out the test, we have disregarded entirely the estimation 
of urobilin, as this substance is never found m the freshly voided urme 
and forms only very slowly if the urine is kept away from the sunlight 
We have made repeated observations on the daily loss of urobilogen, and 
have found that, if we allowed urines containing known amounts of 
urobilogen to stand for twenty-four horns, away from the strong light 
and m the cold, there was a loss, aftei twenty-four hours, of one-fifth the 
total urobilogen If the exposure was continued for another twenty- 
four hours, there was a loss of another fifth, and so on, approximating 
a fifth or slightly less for every twenty-four hours 

We prefer to examine single fresh specimens lather than total 
twenty-foui houi specimens, as we may thus find at least one specimen 
with a high urobilogen content Such mciease, if occurring even once a 
day, signifies an existing pathologic condition 

ADVANTAGES OF METHOD 

In comparing our method with the Wilbur and Addis spectroscopic 
method as to delicacy and final end-results, we found that we could carry 
our dilution five oi six times as high as the disappearance of the spec- 
troscopic bands would indicate Through the courtesy of Dr Gettler of 
Bellevue Hospital, comparisons between our test and the Wilbur-Addis 
test were made In one urine, for instance, it was found that the spec- 
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troscopic bands were still visible at a 1 30 dilution and were totally 
absent at a 1 40 dilution (This would mean a 1 60 dilution, as only 
half the original solution was urine ) In our test, however, the dilution 
could be carried to 1 350 before the final color disappeared, showing 
our test to be six times as delicate 

The quantitative fluorescent test possesses several elements of uncer- 
tainty ( a ) the vai lability of the fluorescence, the intensity varying with 
fine shades of differences m the reaction, thus often interfering with the 
end-result, ( b ) the conversion of urobilogen into urobilin by oxidizing 
agents such as lodin or sunlight, wherein uncertainty arises as to whether 
the entire urobilogen has been thus changed The sunlight always 
causes some loss in the urobilin (c) Some loss in the urobilm when 
present in large amounts also takes place in the precipitation with the 
alcoholic solution of zinc acetate ( d ) Special light is required m read- 
ing the final dilutions 

Our test also is more delicate than the fluorescent test It is very 
simple, and does not require any complicated chemical procedures or 
special apparatus It requires only a few minutes for its completion 
and can be done in any office, irrespective of the kind of light 

The examination of urobilogen in the stool presents difficulties due 
to interferences from mdol and skatol These substances give a similar 
reaction with Ehrlich’s aldehyd reagent, and show similar spectroscopic 
absorption bands in alcoholic extractions It is therefore necessary first 
to remove these putrefactive substances This is best done by rubbing 
the stool in a mortar with petroleum ether and centrifugating Several 
such extractions are made until the clear supernatmg petroleum ether no 
longer gives the Ehrlich’s reaction Of the remaining feces, alcoholic 
extractions are made until all the urobilogen is taken up Using a defi- 
nite weight of feces and a definite amount of alcohol, the urobilogen can 
be quantitatively estimated m similar dilutions 

ANIMAL EXPERIMENTS 

Our experiments were undertaken with the objects (1) to make 
clear to ourselves the significance of an increase in urobilogen, particu- 
larly the relation of liver damage to urobilogen, and' (2) to study the 
role of the intestine in the formation of urobilogen, i e , the necessity of 
a flow of bile into the intestine for its formation, particularly m view 
of the many different opinions as to the mode and place of origin of this 
substance We have repeated some of Fischler’s experiments and added 
others of our own 

Female dogs were used for this purpose, the urine being obtained 
by catheterization and examined for urobilogen immediately after with- 
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drawal In the normal dog, urobilogen appears m the minutest traces 
and the Ehrlich’s aldehyd reaction gives a faint pink color In a dilution 
of 1 10 the result is usually negative 

To produce the liver damage, we have used a number of known liver 
poisons, but have confined ourselves especially to chloroform because of 
its certainty of action 34 

After a preliminary period of observation during which, m some 
experiments, food was withheld from the animals for a few days, 33 
chloroform was given by inhalation, m an amount sufficient to induce 
surgical anesthesia, and continued ovei a period of from one half to two 
hours (usually between one and one half and two) The urine was 
examined at intervals during the following days In some of these 
expei iments, a phenolteti achlorphthalein test was made while the chloro- 
form effects were piesent, to serve as a check and allow of a comparison 
of the two tests The dye was injected intravenously, 5 mg per kilogram 
of body weight, and the amount lemainmg in the seium determined at 
the end of one hour 30 We also have made a few determinations of the 
effects of carbon tetiachlond on urobilogen excretion This substance 
has been shown, by Lamson, 37 to be toxic to the liver and to affect 
markedly phenoltetrachlorphthalein excretion Some typical piotocols 
are given m Table 1 

DISCUSSION OF EXPERIMENTAL RESULTS 

The experimental results we have cited show that whenevei the liver 
is damaged by chloroform there results a decided rise in the urinary 
urobilogen The rise m terms of dilution may vary from 1 50 to 
1 1,000, and is undoubtedly m proportion to the degree of liver damage 
When carbontetrachlorid is administered prior to the chloiofoim, the 
effect is intensified The urobilogen rise commonly occurs on the day 
following the chloroform inhalation, although, m some instances, it may 
be delayed or lequire several inhalations before the damage becomes 
evident The return to the normal occurs abruptly, from which the 
inference may be drawn that the functional activity, once started, 
becomes restored with great promptness 

In the experiments with carbontetiachlond, m Dogs 3 and 5, both 
the urobilogen and phenoltetrachlorphthalein test were used simulta- 

34 Davis, N C, and Whipple, G H Influence of Drugs and Chemical 
Agents on Liver Necrosis of Chloroform Anesthesia, Arch Int Med 23 636 
(May) 1919 Whipple, G H , and Speed J Biol Chem 18 447, 1914 

35 Whipple, G H , and Speed J Biol Chem 18 612, 1914 

36 Rosenthal, S M J Pharm & Exper Therap 19 385 (June) 1922, 
New Method of Testing Liver Function with Phenoltetrachlorphthalein J A 
M A 79 2151 (Dec 23) 1922 

37 Lamson, P D, and McLean, A J Toxicity of Carbontetrachlorid, J 
Pharm & Exper Therap 31 237 (May) 1923 
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neously m order to determine how these two tests compare with the same 
liver damage We find that the results of the two tests are not parallel, 
and that the liver function appears to be alteied moie in respect to the 
dye excretion than as regards the urobilogen 


Table 1 — Typical Piotocols 





Chloroform 

Urobilogen 

Bile in 

Phenoltetra 


Date 


Carbontetrachlorid 

in Urine 

Urine 

chlorplithalein 

a 

o 

rq 

CO 

.Tan 

16 


Traces 




Jan 

17 

Oarbontetrachlorid, 50 c c 

Traces 




Jan 

18 

Chloroform, 1 hour 50 minutes 

Traces 




Jan 

19 


Traces 




Jan 

21 

Chloroform, l 1 /. hours 

1 30 




Jan 

22 


1 100 




Jan 

23 


1 1 000 

+ + 



Jan 

24 


1 300 

+ 



Jan 

25 


1 10 



Dog 10 

Marcli 1 


Traces 




March 2 

Chloroform, 1% hours 

Traces 




March 3 


1 150 




March 4 


1 75 




March 5 


Traces 



Dog 7 

Jan 

29 

Chloroform, 1% hours 

Traces 




Jan 

30 


1 50 




Jan 

31 


1 75 




Feb 

1 


Traces 



Dog 5 

Dec 

10 


Traces 




Dec 

11 

Oarbontetrachlorid, 75 c c 

Trnces 




Dec 

12 


1 25 




Dec 

13 

Oarbontetrachlorid, 50 e c 

Traces 




Dec 

14 


1 30 


7% after 1 hour 


Dec 

15 


1 30 




Dec 

19 

Chloroform, 2 hours 

1 30 


1% after 1 hour 


Dec 

20 


1 300 

++ 

4% after 1 hour 


Dec 

21 


1 250 

+ 



Dec 

22 


1 10O 

+ 



Dec 

23 


1 75 

+ 



Dec 

21 


1 50 




Dec 

25 


1 30 




Dec 

28 

Chloroform, 1 % hours 

Trnces 




Dec 

29 


1 50 

+ 



Dec 

30 


1 40 




Dec 

31 


1 50 




Jan 

2 


Traces 



Dog 6 

Dec 

24 


Trnces 




Dec 

26 

Chloroform, 2 hours 

Traces 




Dec 

27 

Chloroform, 2 hours 

1 GO 

+ 



Dec 

28 


1 50 

+ 

10% after 1 hour 


Dec 

29 


1 50 

+ 



Dec 

30 


1 100 




Dec 

31 


Traces 



Dog i 

Dec 

3 


Traces 




Dec 

4 

Ohloroform, 2 hours 

Traces 




Dec 

5 

Chloroform, % hour 

Ti aces 




Dec 

6 

Chloroform, V hour 

1 35 




Dec 

7 


1 75 


6% after 1 hour 


Dec 

8 


1 50 




Dec 

9 


Traces 




Dec 

10 

Chloroform 1 hour 

Traces 




Dec 

11 

Chloroform 1% hours 

Traces 




Dec 

13 


1 125 




Dec 

14 


1 races 




Somewhat similar quantitative differences are seen when the liver is 
damaged with chloroform The evidence presented points then to these 
two tests as being supplementary and not indicative of a single func- 
tional disturbance While our experiments aie not conclusive on this 
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point, we feel that the purely excretory function shown by the phenol- 
tetrachlorphthalein test differs from that relating to the urobilogen 
Similar differences will also be shown in our clinical material 

LIGATION AND EXCISION OF THE COMMON BILE DUCT 

After having established the relation between liver damage and the 
urohilogen output, with a noimal flow of bile into the intestine, we then 
took up the second point for investigation, which concerns the role of 
the intestine m the formation of urobilogen, or the dependence of the 
urinary urobilogen on the flow of bile into the intestine In determining 
this point, we have ligated the common bile duct in the animals that had 
been previously tested out as to the effect of chloroform anesthesia on 
the output of urobilogen We have used the dogs leported in the 
preceding experiments after their urinary urobilogen had returned to 
normal The common bile duct was ligated in two places and a seg- 
ment of the duct was resected between the two ligatures In Dog 8, a 
biliary fistula also was made After the animals had sufficiently 
recovered from the operative procedure, chloroform was again admin- 
istered, and the effects noted An anastomosis between the gallbladder 
and duodenum was made in Dog 7, ten days after the ligation and 
excision of the common duct Fresh pig’s bile was administered by 
mouth to Dog 5, the second day after the ligation of the common duct, 
and continued for several days The protocols of the experiments are 
given m Table 2 

We feel that the experiments given in Table 2 clearly substantiate 
the intestinal formation of urobilogen, and show that without the presence 
of bile in the intestine, urobilogen is not formed, even though the liver 
is subjected to the same degree of damage as before As is seen in 
Dogs 10 and 6, after the ligation of the common duct, repeated chloro- 
form administrations do not cause the appearance of any urobilogen In 
Dog 7, when the flow of bile was reestablished in the intestine by an 
anastomosis between the gallbladder and the duodenum, the urinary 
urobilogen promptly made its appearance Similarly, in Dog 5, when 
bile was fed by mouth, the urobilogen also appeared m the urine 

In this connection, we wish to cite a case which presents some analogy to 
our experimental work on Dog 7 A patient, aged 40, developed jaundice, in 
December, 1923 The jaundice increased, becoming intense in January, with 
an acholic stool and evidence of complete obstruction of the bile duct Uro- 
bilogen, at this time, was totally absent from the urine In February, an 
exploratory operation was performed and a hard mass found infiltrating the 
head of the pancreas, the gallbladder being dilated An anastomosis between 
the gallbladder and stomach was made A week after the operation, the jaundice 
had greatly diminished, and the stools became brown The urobilogen was 
positive in a 1 40 dilution 
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Only in Dog 8, with a gallbladder fistula, in which a severe infection 
took place spreading throughout the liver and later to the other abdominal 
organs, did the urinary urobilogen rise after chlorofoim anesthesia The 
appearance of urobilogen, in this dog, with an occlusion of the common 
duct might cause one to believe m the hepatic origin of the substance 
On closer study, however, it can be explained on the basis of an ascend- 
ing infection along the biliary radicles The same process of decom- 


Table 2 — Protocols of Experiments in Which Ligation and Excision of Common 

Bile Duct Was Done 






Urobilogen 

Bile in 


Dite 


Chloroform, Carbontetraehlond 

in Urine 

Urine 

Dog 10 

Marcli 

2 

Chloroform, 1% hours 

Traces 


March 

3 


1 150 



March 10 

Common bile duet ligated 

Traces 



March 12 

0 

++++• 


March 13 

Chloroform 1% hours 

0 

++++ 


March 14 

Chloroform 1% hours 

0 

++++ 


March 15 

0 

++++ 

Dog 7 

Jan 

29 

Chloroform, 1 44 hours 

Traces 


Jan 

30 


1 7u 



Feb 

13 

Bile duct ligated and e\cised, also biharj fi&tula 

Traces 



Feb 

19 

0 



Feb 

20 

Chloroform, 1% hours 

0 



Feb 

21 

0 

4-4- 


Feb 

23 


0 

4- 4- 4* 4* 


Feb 

25 

Anastomosis between gallbladder and duodenum 

0 

++++ 


Feb 

27 

1 40 

+++ 

Dog 6 

Dec 

30 

After chloroform 2 hours 

1 100 



Dec 

31 


1 races 



Tan 

2 

Bile duct ligated and e\ei'ed 

Traces 



Tan 

3 

1 40 



Jan 

0 

Chloroform, 1% hours 

0 



Jan 

G 

0 



Jan 

7 

Chlorofoim 1% hours 

0 



Tan 

s 

Chloroform 1 hour 

0 


Dog 3 

Dec 

23 

After chloroform 

1 300 



Jan 

2 

Common bile duct ligated ind resected 

Traces 



Tan 

3 

75 c c fresh pig’s bile bv mouth 




Jan 

4 

50 c c fresh pig’s bile b> mouth 




Jan 

5 

1 25 


Dog 8 

Jan 

23 

After chloroform 

1 1 000 



Jan 

30 

Common duct ligated and e\ci»cd g dibladder fie 






tul 1 

Traces 



T m 

31 


0 



Feb 

1 


0 



Feb 

2 


0 



Feb 

3 


0 



Feb 

4 


0 



Feb 

5 

Cnloroform, 1% nouis 

0 



Feb 

<> 

1 50 



position of bilirubin which takes place m the intestinal canal by the 
bacterial flora may take place m the liver substance itself, within the 
biliary radicles Such urobilogen may then be excreted with the bile, 
and, if the parenchyma of the liver also is damaged following the pro- 
longed chloroform anesthesia, then the urobilogen escapes into the 
general circulation 

In our animals with biliary fistula, no urobilogen could be found 
m the fistula bile within the first few days after the operation Later, 
however, when infection took place, as in Dog 8, urobilogen made its 
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Chart 1 (Dog 10) — Urobilogen elimination m liver damage before and after 
exclusion of bile from intestine The ordinates, in this and the following 
charts, represent the highest dilutions of the urine at which the urobilogen test 
was still positive March 2, chloroform anesthesia was given for one and three- 
fourth hours, urobilogen rose from traces to 1 ISO within twenty-four hours, 
it came down to normal within forty-eight hours March 10, the common bile 
duct was ligated, urobilogen came down to zero, March 12 Chloroform was 
again administered, March 13, and repeated on the 14th , urobilogen remained 
at zero 



Chart 2 (Dog 6) — Similar effect to that shown in Chart 1 (Dog 10) 
December 26, chloroform anesthesia was given for two hours , urobilogen rose 
from traces to 1 60 December 27, chloroform was again repeated for two 
hours , urobilogen rose to 1 100, December 30, and fell to normal on the 31st 
January 2, the bile duct was ligated and excised There occurred a temporary 
rise of urobilogen lasting two days, probably due to the urobilogen content m 
the intestinal canal Chloroform anesthesia was given January 5, urobilogen 
down to zero Chloroform was repeated, January 7, and 8, urobilogen remained 
at zero 
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Chart 3 (Dog 7) — Urobilogen elimination m anastomosis between gall- 
bladder and duodenum after exclusion of bile from intestine January 29, 
chloroform anesthesia was given for one and three-fourth hours , urobilogen rose 
to 1 75 within two days, and fell to normal on the third day February 15, the 
common bile duct was ligated February 20, chloroform was administered for 
one and three-fourth hours , urobilogen fell to zero February 25, anastomosis 
between gallbladder and duodenum was made, February 27, urobilogen rose 
to 1 45 



Chart 4 (Dog 8) Urobilogen elimination in infection of biliary tract with 
exclusion of bile from intestine Carbontetrachlorid and two sessions of chloro- 
form were administered, between January 17 and 21, urobilogen rose, January 23, 
from traces to 1 1,000, it came down to normal, January 25 The common 
duct was ligated and a gallbladder fistula made, January 30, urobilogen fell 
to zero There was severe infection of the liver and peritoneum February 5, 
chloroform was given , urobilogen rose, on the 6th, to 1 50 
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appearance Dog A of Wilbur and Addis’ experiments also illustrates 
that a low grade infection can occut through the biliary fistula, which 
may lead to pronounced liver changes This dog with biliary fistula 
and common duct ligation eliminated laige amounts of urobilogen At 
postmortem examination, a mailced cinhosis of the livei was found 

We have been unable to find any coi 1 oboi ative evidence in suppoit 
of the foimation of uiobilogen by the liver parenchyma The most 
sti iking phenomenon is the absence of urinai y uiobilogen in the animals 
with common duct ligation, in spite of the fact that the livei was sub- 
jected to consideiable damage by repeated chloiofoim anesthesias If 
urobilogen is a pioduct of the liver cell itself, one should expect to find 
it in the urine in the cases with common duct ligation, in which all the 
secretions and excietions of the livei, being dammed back into the gen- 
eial circulation, have only one avenue of escape Its absence fiom die 
urine speaks, theiefoie, against a hepatic origin 

PRESENCE OI< UROBILOGEN AND UROBILIN IN THE INTESTINE 
IN OCCLUSION OF THE COMMON DUCT 

In examining the stools in common duct obstiuctions, we found, after 
careful extraction with petroleum ether, small quantities of urobilogen 
even aftei a preliminary flushing of the bowels with puigatives and 
cleansing enemas We feel that the piesence of these small quantities 
must be explained on the basis of an elimination of bilirubin from the 
blood seium into the intestine, and there changed to uiobilogen The 
scybala often presented a thin outei layei of dark brown which covered 
a central acholic portion In making sepaiate examinations of the central 
and outei layers, we found that the innei portion was entirely fiee 
fiom urobilogen and urobilin, but that the pigmented outer portion g^ve 
positive reactions This tends to show, in these cases with saturation of 
bile in the plasma, that bihiubin is eliminated into the intestinal canal, 
coating the outei layei of the feces, and is theie changed by bactenal 
putief action 

We cannot agiee with Wilbui and Addis m the belief that these sub- 
stances are formed in the seium and, as such, eliminated into the intesti- 
nal canal The 1 eadmess with which ui obilogen is excreted by the kidney 
is well known, and the question always anses why, in common duct 
ohsti uction, if uiobilogen is foimed in the blood stieam, it is never found 
m the unne The assumption, theiefore, of an intestinal excietion is 
not plausible 

CLINICAL CONSIDERATIONS 

Urobilogen is a normal constituent of mine in man It is present in 
smallest amount in the morning urine, or may be absent altogether It 
rises somewhat in the aftei noon and evening In constipated individuals 
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with increased putrefactive changes m the large bowel, the quantity of 
urobilogen rises above the normal Urobilin never appears m the freshly 
voided urine Even m pathologic urines m which the urobilogen rises 
to abnormally high figures, urobilin is seldom, if ever, found, and when 
it is present it occurs in negligible traces 

Using our method of estimation, we found normally uiobilogen in the 
morning urine m amounts which failed to give a reaction if the urine 
was diluted more than 1 10 During the afternoon and evening, the 
average maximum use of urobilogen was 1 20 Marcussen and 
Hansen, 20 using the fluorescence method, report similai findings 

In a senes of more than 1,000 ambulatory patients, the routine 
examinations of the urine revealed, m more than 90 per cent an} where 
fiom traces to positive 1 20 dilutions The remainder presented patho- 
logic conditions relating to the biliary or intestinal tract, to the cardiovas- 
cular or hemopoietic system 

A group of 125 medical students also were examined In seve^tv- 
five of these, specimens wei e obtained in the forenoon, and m the remain- 
ing fifty m the afternoon Seventy-two of the forenoon urines were 
below 1 20, most of them being about 1 10 One was 1 25, one 1 50, 
and one was discovered with a very high urobilogen reading of 1 350 
The afternoon group corresponded in the main with the morning one 
with the exception that the figures approached more nearly to 1 20 One 
of these showed 1 40 and one 1 50 Of the total, 96 per cent gave 
readings below 1 20 

The elimination of urobilogen also presents m pathologic states great 
variations between the night and day output It is always lowest during 
the night and eaily morning hours During the day, the amounts may 
also vary, sometimes from hour to hour Wilbur and Addis quote a 
case of bronze diabetes, which, while showing great irregularities in the 
output of uiobilogen during the day, was always constant in eliminating 
the lowest quantities by night If, however, this patient remained up 
and took his meals during the night and slept m the daytime, then the 
condition became reversed, the amount excreted during the night being 
much lai ger than dui ing the day 

Saillet 38 suggests a relation of these variations to the piocess of 
digestion and general body metabolism We may compare the mobiliza- 
tion of the urobilogen by night to the same process which takes place in 
a deficient kidney function, m which, during the night, the kidney con- 
tinues to eliminate the excess of solids which it was incapable of 
eliminating during the day So the liver during the resting per.od, 
when metabolic processes associated with digestion and general body 
activity are at a standstill, can attend to its retarded functions The 
daily variations also must be explained on similar digestive and other 

38 Saillet Urobilin in Normal Urine, Rev de med 17 109, 1897 
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functional interferences, the escape of the excess of uiobilogen into the 
general circulation and into the urine always being highest in the after- 
noon when metabolic processes are at their highest These \anations 
are not dependent on changes in the excretory function of the kidney, 
and do not run parallel with changes in the specific giavity of the urine 
Hourly observations of changes, often amounting to twice the amount 
of urobilogen, would show a variation of only one or two points in 
specific gravity, thus showing, fuithermore, its independence of urine 
concentration 

DIAGNOSTIC SIGNIFICANCE 

Hildebrand was the first to note the numerous instances m which 
uiobilogen appealed m the urine m increased amount In fact, the fre- 
quency of this occurrence in a laige variety of conditions has for the 
time detracted from its usefulness and has led even such observers as 
Friedrich Muller to express some doubt as to its diagnostic value In 
later yeais, howevei, a great deal of clinical study has been made, partic- 
ularly by Eppmger, 30 who grouped its pathologic occurrence as follows 
(1) diseases of the liver, (2) hemolytic diseases, (3) cardiac diseases, 
(4) intoxications and (5) infectious diseases 

This grouping, however, may be reduced to two mam classifications 
(1) hepatic and biliary diseases, and (2) hemolytic diseases All condi- 
tions m which urobilogen appears in increased amounts can be clashed 
under one or the other of these two groups, or a combination of the two 

II) Diseases of the Lwei and Biliary Tiact — In this group a**e 
catarrhal jaundice, cholangeitis , acute yellow atiophy , hepatic cirrhosis , 
chiomc passive congestion of the liver associated with chiomc endo- 
carditis, especially in the state of chronic decompensation, liver abscess 
when the suppurative process is generalized but not a solitary lesion, 
miliaiy tuberculosis, primal y carcinoma of the liver, metastasis produc- 
ing a geneial carcinomatosis of the liver but not localized nodular areas , 
toxic states, such as eclampsia, toxic pregnancies and later stages of 
tuberculosis, intoxication lesultmg from the intake of large amounts of 
alcohol, and also infections such as scarlet fever and measles 

(2) Hemolytic Diseases — Among these are grouped hemohtic 
icterus, pernicious anemia, septic states, malaria, lead poisoning and 
othei hemolysis produced by poisons such as antifebrm, sulphonal and 
mushrooms Here it occurs as the result of marked increase m blood 
destruction with an mci eased pigment foimation, associated also with 
liver involvement Minot 10 has shown that 40 per cent of pernicious 
anemia patients dunng life present a large liver A pathologic state 


39 Eppmger, Hans Die Hepato-Lienalen Erkrankungen, 1920 

40 Minot, C R Oxford Med 2 623, 1920 
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of the liver can be demonstrated at necropsy m almost all cases present- 
ing blood destruction, the liver changes often going hand in hand with 
the changes occuirmg m the spleen 

(1) DISEASES OF THE LIVER AND BILIARY TRACT 

Catarihal Jaundice — The occurrence of urobilogen in excessive 
amounts is a constant phenomenon in catairhal jaundice While it is 
not present m all stages of the disease, as will be shown later, yet it 
invariably makes its appearance at one time or another during its course 
This forms a marked distinguishing feature from the obstructive jaun- 
dice, m which the interference of the bile flow results from outside 
pressuie on the common or hepatic ducts In the obstructive jaundice 
conditions, urobilogen nevei appears in the urine 

Its occurrence in catarihal jaundice indicates an acute parenchy- 
matous change m the liver cells somewhat analogous to the changes 
produced by prolonged chloroform anesthesia We cannot, therefore, 
regard the disease m the light of the old Virchow conception of an 
obstruction of the common duct due to a mucous plug The flow of 
bile into the duodenum is always pi esent It may be scanty at times but 
it is never completely mteriupted 

Out of a series of seventeen cases of catarrhal jaundice here reported, 
twelve were intubated with a duodenal tube Bile was found in all cases, 
the pigment varying fiom scanty to normal amounts The introduction 
of magnesium sulphate, according to the Meltzer-Lyon method, seldom 
vields, m these cases, the typical dark brown bile, the so-called B bile, as 
m the noimal There may occur a very faint increase in the intensity 
of the color, but it rarely becomes more viscid 01 turns to a deep brown 
Microscopic examination made in six cases revealed, in each instance, 
the piesence of pus cells, often m large clumps This indicates the infec- 
tious character of the process 

Urobilogen was found m increased amounts m every case at the 
beginning of the disease and toward the end During the height of die 
disease, it may be scanty or entirely absent, the duration of its absence 
depending on the severity of the disease In the more severe cases it 
may disappear for a few days at a time, and is due to the fact that very 
little bile enters the duodenum at that period 

If the patient is seen during the earlier stages of jaundice, the amount 
of urobilogen may be found anywhere up to a 1 80 or 1 100 dilution 
This soon diminishes to small traces, or may become absent altogether 
for short pei lods After the disease has lasted for several weeks, the 
urobilogen again makes its appearance in large amounts, and soon rises 
to high figures am where up to a 1 250 dilution The amounts vary 
daily This stage may last as long as several weeks, presenting dmlv 
and often hourly variations Its total disappearance indicates a restora- 
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tion of the liver function, even though a slight jaundice may still persist 
m the scleia or skin The examination of the bilirubin in the serum at 
this stage also shows a leturn to normal The slight staining of the tis- 
sues merely indicates an impregnation of the organs with bile pigment, 
which is very slowly given up 

The presence of urobilogen, even m traces, during the state of 
jaundice promptly rules out an obstruction or mechanical icterus, such 
as occurs m carcinoma of the head of the pancreas or of the biliary tract 
This fact can be utilized to great advantage m the differential diagnosis 
between the jaundice due to hepatic causes and that due to extraneous 
mechanical causes During the height of the disease, when urobilogen 
is absent from the mine, it may be somewhat difficult to differentiate 
between these two conditions Repeated urine examinations, however, 



Chart 5 — Daily output of urobilogen during course of a case of catarrhal 
jaundice 

will invariably aid in the diagnosis In the catarihal jaundice, it will 
reappear within a few days Its continued absence for a week or longer 
speaks for a mechanical jaundice due to malignant causes A point 
which may be of considerable significance is the fact that m the mechan- 
ical jaundice, if Ehrlich’s aldehyd reagent is added to the urine, it changes 
within a few minutes to an intense green This reaction we have always 
noted when the obstruction is extreme We have always found it m 
the series of our dogs with ligation and excision of the common duct 
Septic CholangeiUs with Live) Abscess — Two cases are here 
reported, one following m the wake of an apparently simple catarrhal 
jaundice, the symptoms of cholangeitis coming on a few weeks after 
the patient had seemingly recovered from the disease The patient sud- 
denly developed an elevation of temperature with chills, the temperature 
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showing at times variations of ten degrees, between 97 and 107 Several 
weeks later, multiple abscesses were found on operation The urobilogen 
was constantly present up to 1 200 

Another patient presented a history of digestive disturbances for some 
time prior to admission to the hospital The patient ran similar high 
temperatures between 100 and 107 degrees, accompanied by severe daily 
chills and sweats The urobilogen ran up to 1 500 After an illness 
of two months’ duration, death occurred and the necropsy revealed 
multiple large and small abscesses in the liver 

Ui obilogen m Chi owe Liver Affections — In chronic diseases, con- 
trary to the acute states, one does not find an increase in the urobilogen 
as a constant factor Many of the cases of hepatic cirrhosis here 
reported, with or without enlargement of the liver, with splenic enlarge- 
ment and often ascites, failed to show pathologic increase in urobilogen 
It has already been pointed out that a large factor of safety is presented 
by the liver regarding its functions, and how differently these diversified 
functions may be affected in disease Only in grave pathologic condi- 
tions, such as acute yellow atrophy or phosphorus poisoning, may these 
functions be simultaneously involved 

That the liver is resistant to damage and can still perform its 
nitrogenous metabolism m spite of the fact that severe histologic changes 
can be demonstrated, has been shown by Howland and Richards, 41 who, 
in a study of the metabolism m dogs following severe and delajed 
chloroform poisoning, have found no interference with this function 
McMaster and Rous 9 also have shown that, in the dog, nineteen- 
twentieths of the liver substance can be placed m a condition of stasis 
without the occurrence of tissue icterus They find that such obstruction 
invariably results in atrophy of the affected tissue with compensatory 
hypertrophy elsewhere 

Our own observations point to the fact that the degree of inter- 
ference with the liver function is dependent on the extent and rapidity 
of the disease process In the slowly progressive liver affection, there 
appears to occur a gradual adaptation of the liver substance to carry on 
its function The compensatory replacement of new cellular tissue is 
a u ell known characteristic of this organ The occurrence of a large 
or fatty liver does not necessarily indicate a deficiency in its function 
Neither does a chronically diseased liver with positive histologic changes 
always indicate a lack m the performance of its metabolic functions 
hollowing are some of the findings m a series of chronic liver cases taken 
from the third medical division of Bellevue Hospital 

Case 1 Cirrhosis of the liver, large spleen, marked anemia, ascites, hema- 
temesis, no jaundice Urobilogen, 1 10 February 4 , blood transfusion 

41 Howland and Richards Metabolism and Pathology of Late Chloroform 
Poisoning, J Exper Med 11 344 , 1999 
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February 5, urobilogen rose to 1 60 February 7 and 8, urobilogen came 
down to the previous low figures of 1 10, the increase m urobilogen 
being due to destroyed red blood cells from the transfused blood 
Case 2 — Banti’s disease Urobilogen, variation from 1 10 to 1 100 
Case 3 — Cirrhosis of the liver, marked anemia, ascites, jaundice of three 
months’ standing Urobilogen, 1 20 
Case 4 — Syphilitic liver Urobilogen, 1 30 

Case 5 — Cirrhosis of the liver, jaundice, ascites, edema Tapped, 5 liters 
removed Urobilogen, 1 50, rose to 1 300 with increase in jaundice 
Necropsy report was hypertrophic cirrhosis, spleen moderately enlarged 
Case 6 — Splenomegaly with anemia Urobilogen, 1 30 
There were three cases of Hodgkin’s disease Urobilogen, normal 

In subacute conditions associated with various degiees of jaundice, 
the urobilogen is usually increased These appear to follow attacks of 
catairhal jaundice and finally lead to a hyperti opine or Hanot cirrhosis 
They are characterized by persistence of jaundice lasting for months 
after the attack, accompanied by enlarged liver and spleen With 
exacerbations in the course of the disease, the amount of urobilogen 
may use to high figures Two such cases have been under observation 
during the last year Both patients were young adults about 30, non- 
alcoholic, with negative Wasseimann leactions In both, the disease 
had apparently developed m the wake of an attack of catarrhal jaundice 
The uiobilogen varied ordinarily between 1 30 and 1 40 During an 
exacerbation which took place in one of the patients, there occuired an 
aggravation of the symptoms, the jaundice became more intense, the 
liver somewhat tender, and the gastro-mtestmal disturbances more acute 
This condition lasted one month, during which time the uiobilogen rose 
to 350, varying between 150 and 350, at the end of which period the 
jaundice gradually diminished to a slight icteric tint, the symptoms 
improved and the urobilogen came down to its previous level 

Uiobilogen in Cholecystitis and Cholelithiasis — In chiomc chole- 
cystitis and cholelithiasis, the urobilogen test showed no alteration m 
liver function m the majority of instances Out of a series of 150 cases, 
nineteen showed a slight rise m the urobilogen output, varying from 
1 35 to 1 50 The remainder gave normal leadings during repeated 
examinations In some of these cases, the bilirubin m the blood also 
was estimated, according to the Van den Bergh 4J method The findings 
were likewise noimal, the figure varying from 1 200,000 to 1 400,000 
Four cases of chronic hydrops of the gallbladder, with large tumor 
masses, gave normal uiobilogen and bilirubin figuies 

One case of acute cholec} stitis and cholelithiasis with an elevation of 
temperatuie to 102 degrees and with severe colic requiring morphin, with 


42 Van den Bergh, A \ Der Gallenfarbstoft im Blute, Leyden, 1918 
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development of slight jaundice, probably indicating the passage of a 
stone through the common duct, gave a rise of urobilogen to 1 100, and 
bilirubin, 1 48,000 

In one case of chronic cholelithiasis associated with diabetes with a 
large liver, the patient showing a subictenc tint, the urobilogen was 
1 50 and the bilirubin 1 110,000 Here the abnormal rise could be 
attributed to the chronic hepatic disease 

The foregoing findings therefore tend to indicate that m the chronic 
stage of biliary diseases, neither the urobilogen in the urine nor the 
bilirubin in the serum show any deviation from the normal in the 
majority of instances, and give us little or no aid in the diagnosis of 
these conditions They are significant only m acute stages 

Recently, attention has been called by Heyd 43 and others to chronic 
histologic changes m the liver occurring in association with chronic gall- 
bladder disease Histologically, they were able to show these changes 
by removing small sections of the liver dunng the course of operation 
The report of their findings, in the chronic lesions, indicated structural 
liver changes simulating both the atrophic and hypertrophic cirrhoses 
Heyd claimed that fatalities following operations on the biliary tract 
were due to unexplainable toxemias resulting from chionic liver degen- 
eration The study of the foregoing cases, however, does not seem to 
bear out the existence of a chronic liver derangement with any such 
disturbance m its metabolic function 

Effect of Ai sphenamm Thciapy on Lh obilogcn Elimination — Fifty 
cases of syphilis from the Bellevue College Clinic were examined during 
the couise of arsphenamm therapy Most of these were old cases 
having received several courses of antisyphihtic treatment Only two 
cases were m the secondary stage with the presence of roseola Urinary 
examinations were made prior to the administration of arsphenamm, 
and were followed up for two successive days aftei its injection Thirty 
cases received neo-arsphenamm and twenty cases the old arsphenamm 
It was found, on the whole, that the administration of arsphenamm had 
no effect on the increase of urobilogen Only those cases which had 
somewhat high figures before the administration of arsphenamm gave 
slightly higher values after its administration Thirty-nine cases had 
normal urobilogen figures, and these were not changed after the arsphen- 
amm In eleven out of the fifty, urobilogen readings before the injec- 
tions were from 1 30 to 1 50 Three gave 1 30, two 1 40, three 
1 50, one 1 75 and two 1 150 In one of the cases with secondary 
reseda m which the urobilogen was up to 1 150 before the admmistra- 

43 He>d, C G The Liver and Its Relation to Chronic Abdominal Infec- 
tions, Ann Surg 79 55 (Jan ) 1924 
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tion of arsphenamin, the urobilogen rose to 1 500 the day following its 
administration, however, it came down to normal within the next few 
days Two cases with 1 30 urobilogen came up after the old arsphen- 
amin, one to 1 75, and one to 1 100 One case of 1 50 rose to 1 125 
after old arsphenamin The remainder of those that gave originally 
higher readings remained unchanged 

In this connection, some experiments also were made with intra- 
venous injections of neo-arsphenamin m the dog An injection of 

0 45 gm of this drug produced a rise in urobilogen of 1 30 the following 
day, which fell to normal on the third day A week later, the injection 
of 0 9 gm of neo-arsphenamm produced no rise The effects of the 
drug, therefore, on a normal liver appear to be very slight or absent 
altogether 

Compai isons Bctzveen the Phenoltcti achlcn phthalem and Ui obilogen 
Tests m Various Liver Diseases — Six cases were selected for com- 
parative study of the phenoltetrachlorphthalem and urobilogen output 
They comprised three cases of catarrhal jaundice, one case of 
splenomegalia with anemia, one case of syphilis with a large liver, and 
one case of marked cardiac decompensation with large liver and intense 
jaundice 

Two cases of catarrhal jaundice gave negative reactions to the phenol- 
tetrachlorphthalem test at the end of one hour The urobilogen tests on 
the same day were 1 60 and 1 70, respectively The first patient 
experienced a chill followed, for the next three days, by an increase in 
the output of urobilogen up to 1 200 The third patient with catarrhal 
jaundice developed a severe pain in the hepatic region promptly follow- 
ing the injection of the dye He also developed a phlebitis No reading 
was taken on this patient 

The case with the cardiac decompensation, which gave constant high 
urobilogen readings varying from 1 300 to 1 1,500 gave less than a 

1 per cent phenoltetrachlorphthalem reading 

The splenomegalia case with anemia gave low urobilogen readings 
up to 1 40, and the phenoltetrachlorphthalem was 15 per cent 

The case of syphilis gave persistently low urobilogen readings, 
whereas the phenoltetrachlorphthalem was 12 per cent 

In the foregoing, we note differences in the behavior of the liver to 
phenoltetrachlorphthalem and urobilogen The retention of the dye 
does not necessarily indicate a deficiency m the performance of the 
normal metabolic function, but merely points to a lessened capacity of 
the liver to eliminate foreign substances It has already been pointed 
out that, m chronic liver diseases without parenchymatous changes, there 
occurs a gradual compensation of the liver to perform its normal 
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metabolic functions When, however, foreign substances are suddenly 
thrown into the liver substances to which the liver is not accustomed, 
then the cell fails, and its eliminative power is retarded '' 

That the phenoltetrachlorphthalein is not entirely an innocuous sub- 
stance can be seen from the cases herein reported, in which, in one 
instance, a severe pain m the hepatic region followed the injection and 
also a marked increase m the urobilogen output lasting a number of 
days The complication of phlebitis has also been reported by others 

Table 3 — Uiobiloqcn Estimations in Uunc m Ccitam Conditions 



Number 

of 

Bilirubin 

Clinical Diagnosis 

Cnees 

Urobilogen 

in Serum 

Catarrhal jaundice 

17 

1 75 to 1 230 

1 S5 000 

1 07 000 

1 37 000 

1 15,000 

1 10 000 

Cholangeitis 

1 

1 500 

Cholangeitis followed bj Iner abscess 

1 

1 ‘’00 

1 35 000 

Chronic cholelithiasis with diabetes subicteric 

1 

1 30 

1 110 000 

Primary carcinoma of liver (necropsv) 

1 

1 350 

1 201,000 

Carcinoma of stomach with liver metastasis 

2 

1 150 to 1 300 


Carcinoma of head of pancreas 

4 

Absent 

1 10 000 

Carcinoma of stomach 

8 

Normal 

1 5 COO 

Carcinoma of esophagus 

3 

Normal 


Carcinoma of ovarj and peritoneum 

2 

Normal 


Carcinoma of lectum 

2 

Normal 


Carcinoma of colon 

1 

Normal 


Carcinoma of lung 

2 

Normal 


Enlarged liver associated with chronic endocarditis 

10 

1 30 to 1 150 

1 200 000 

Marked cardiac decompcns ition associated with in 

1 

1 1,500 


tense jaundice (death) 

Gastric ulcers 

7 

2, 1 30 5, normal 


Diabetes, during stage of acidosis 

3 

1 30 to 1 150 


Ghnlehthiasis and cholecystitis 

130 

10, 1 35 to 1 50, 

1 45,000 

Chromt appendicitis 

65 

1 acute 1 100, 
the rest were 
normal 

4 1 35, 01 

se\ en cases e\ 
amined % aried 
from 1 400 000 
to 1 200,000 

1 400, COO to 

Hj drops of the gallblidder 

4 

normal 

Normal 

1 200 000 

1 500 000 to 

Tuberculous meningitis 

1 

1 SO 

1 250 000 


In Table 3 are given the urobilogen estimations m the uime m some 
of the conditions studied 

The remainder, comprising a series of close to a thousand cases of 
miscellaneous conditions, such as visceroptosis, nutritional distmbances, 
chronic infections of the tonsils and teeth, sinusitis, rheumatism, articular 
involvement, lumbago, psychoneurosis and bronchitis, all gave noimal 
findings 

(2) HEMOLYTIC DISEASES 

P ci mcious Anemia — Five cases are here reported, three m the active 
stage, and two in the terminal or aplastic stage The first three pie- 
sented high uiobilogen outputs of 1 80, 1 75 and 1 50, respectively 
The other two gave low urobilogen readings of 1 20 and 1 10 

The presence of an increased urobilogen in the anemias differentiates 
the primary from the secondary foim In the former, the excess 
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urobilogen is derived from the increase in the red blood cell production 
and destruction which is continuously going on, while, in the latter, there 
is no increase m the production of the red cells, but a conservation m 
their destruction, with the result of very low urobilogen elimination, 
often less than 1 10 

The increase of urobilogen in pernicious anemia associated with an 
icteric tint of the sclera and skin and often a palpable liver presents 
difficulty at times m the differentiation between hepatic disease and 
primary anemia Aside from the study of the morphology of the blood, 


J a,n 



Chart o — Urobilogen elimination in case in which there was marked cardiac 
decompensation large liver and intense icterus 

the examination of the feces indicates an increased pigmentation to a 
dark brown color, m countei distinction to the light or acholic feces 
accompanying liver disease In the anemias, bile is never found in the 
urine, while in hepatic diseases associated with icterus, bile is always 
present 

Mcilana — The increase of urobilogen in malaria is a constant finding 
This forms an important factoi m the differential diagnosis between 
malaria and other infectious diseases The diagnosis of malaria can 
often be made before the discovery of the parasites in the blood A 
routine examination of the mine should always be made in infections 
disea c es with prolonged high temperatures 
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Three cases of tertian malaria from the wards of Bellevue Hospital 
are here reported One had the first attack m August, 1923 He came 
under observation m the hospital, December 11, with a blood count of 
2,000,000 red cells, 50 per cent hemoglobin, and urobilogen, 1 50 
December 14, the patient had paroxysms at 1 1 a m , with urobilogen 
1 75, and at 4 p m, 1 100 Qumin administration was begun at 
4 p m The following day, at noon, the urobilogen fell to 1 20, and 
remained normal after the qumin therapy 

Two other cases of malaria showed, on the day of the paroxysm, 

1 300 urobilogen in one, and 1 150 m the other Both of these cases 
presented difficulties in the clinical diagnosis The discovery of a high 
urobilogen, with febrile paroxysms helped in the diagnosis of malaria 
prior to the finding of the parasites The administration of qumin 
promptly reduced the urobilogen to normal 

SUMMARY AND CONCLUSIONS 

1 A simple quantitative method for uiobilogen estimation is 
described based on the Ehrlich’s aldeliyd reaction, and consisting of a 
series of dilutions which aie made until no further reaction takes place 
It has been found six times as sensitive as the spectroscopic method of 
Wilbur and Addis 

2 A series of animal expemnents aie heie leported which were 
undertaken with the objects (1) to prove the relation between liver 
damage and increase of urobilogen m the urme and (2) to study the 
role of the intestine in the formation of urobilogen 

The results of these experiments indicate (a) that, in parenchy- 
matous changes of the liver, such as induced by chloroform, there occurs 
a marked increase in the urinary urobilogen, ( b ) that urobilogen is 
formed normally in the intestinal canal by a process of decomposition of 
the bile pigment In exclusion of bile from the intestinal canal by__ 
ligation and excision of the common duct, no urobilogen appears in the 
urine, even though the liver has undergone marked pai enchymatous 
changes by subsequent chloioform administration When, howevei, the 
flow of bile is i eestablished by anastomosis between the gallbladder and 
duodenum, or when bile is adnumsteied by mouth, urobilogen again 
makes its appeal ance 

Only in rare instances of intrahepatic infections, as in cholangeitis, 
may the urobilogen be formed within the biliary radicles The presence 
of urobilogen m the liver bile is thus explained by intrahepatic infections 
and also by excessive amounts of urobilogen being brought to the liver 
from the intestinal canal 

The finding of small quantities of urobilogen m the intestinal canal 
m common duct occlusion is due to the excretion of bilirubin from the 
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general circulation into the intestines and its being there changed to 
urobilogen 

3 The clinical significance of urobilogen has been studied in a senes 
of over 1,200 cases, comprising catarrhal icterus, cholangeitis , hepatic 
cirrhosis , cholecystitis and cholelithiasis , carcinomas of abdominal 
organs, cardiac decompensation, diseases of the hemopoietic system, 
granulomas, infectious diseases, malaria, and also a group of miscel- 
laneous conditions, such as gastro-mtestmal and nutritional disturbances 
and chronic infections, and including a large series of normal persons 

We find that in the normal urme the urobilogen seldom rises above 
a 1 20 dilution In constipation with putrefactive changes, it may 
become increased somewhat temporarily 

All pathologic conditions in which urobilogen is eliminated in exces- 
sive amounts can be classified into two mam groups (1) diseases of 
the liver and biliary tract, and (2) hemolytic diseases 

In the former, it is associated with parenchymatous changes in the 
liver, causing an absolute insufficiency m the mobilization of urobilogen, 
while, m the latter, the increase of urobilogen is due to an increase in 
the bile pigment formation which produces a relative insufficiency of the 
liver Both conditions may at times occur simultaneously, and, in fact, 
it seems quite probable that some liver damage also is present m 
hemolytic diseases 

Urobilogen is found in largest amounts in the acute and subacute 
liver changes and in exacerbations in the course of chronic pi ocesses In 
the slowly progressive chronic liver lesion, the output of large amounts 
of urobilogen is not constant This is probably due to the ability of the 
organ to perform its normal metabolic function by compensatory growth 
of new liver tissue 

In comparing the phenoltetrachloiphthalem to the urobilogen test in 
various liver affections, the different results may be explained by the 
difference in behavior of the liver cell toward foreign substances Their 
retention does not always signify an insufficient metabolic liver function 

4 The constant presence of urobilogen m catarrhal jaundice, and its 
total absence in mechanical icterus, such as encountered in carcinoma of 
the head of the pancreas and of the biliary tract, forms a marked dis- 
tinguishing diagnostic feature between this benign form of jaundice and 
those due to malignant causes 

5 Finally, we wish to advocate the use of the urobilogen test as a 
routine laboiatoiy measuie m all urme examinations In icterus or 
latent icterus, in hepatic disorders, m the anemias, m malaria, in infec- 
tions, m malignancies and m intoxications, it will suppl) an impor- 
tant adjuvant m the routine diagnosis, and will often aid m clearing up 
intricate and obscure clinical conditions 
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IV DIURNAL FLUCTUATIONS IN BLOOD VOLUME AND CHANGE 
INCIDENT TO TRANSFUSION REACTION * 

WINIFRED ASHBY, PhD 

ROCHESTER, MINN 

Diurnal fluctuations m the count of corpuscles derived from a trans- 
fusion appear to have a consistent trend in patients with anemia, and 
are assumed to indicate blood volume changes Changes incident to 
transfusion, pointing to a reduced blood volume following a transfusion 
reaction, have also been noted 

Little attention has been given to rapid fluctuations in the blood 
count, and the possibility of their occurrence is often lost sight of 
Limbeck 1 studied the changes in the red and white cell count after eating, 
and reports a drop in the red cell count He found a count of 5,550,000 
before the meal, 5,320,000 a quarter of an hour after the meal, 5,480,000 
an hour and a quarter after, 4,730,000 two hours and a quarter after, 
4,870,000 three and a quarter hours after, and 4,720,000 four hours and 
a quaiter after In reviewing the literature, he found that Sorenson 
noted an increase in the red cells of from 15 to 19 per cent about an 
hour after food was taken, while Reinhardt, Vierdt and Dupen found a 
diminution Dieyer- has recently studied the question of diurnal 
changes m the hemoglobin, making obseivations at short intervals 
throughout the twenty-four hours by means of a technic which he con- 
siders accurate to within a few per cent He gives five representative 
cunes In one of these there is a definitely progressive drop in the 
hemoglobin percentage from 10 a m to 4 p m , with a subsequent rise, 
reaching its peak at 4 a m In the other curves are marked irregularities 
that seem to have no definite trend Dreyer considers that the fluctua- 
tions are irregular, but that the late afternoon is a time at which the 
hemoglobin percentage readings are more stable, and that the greater 
fluctuations occur in patients with anemia Dreyer obtained the blood for 
the determinations from a freely dripping puncture Rabinovitch 3 more 
recently studied the variation of the hemoglobin percentage in twenty 
normal subjects, taking readings every two hours from 8 a m to 6 p m 

^From the Mayo Foundation 

1 Limbeck, R R The Clinical Pathology of the Blood, London, New 
Sydenham Society, 1901, p 184 

2 Dreyer, G , Bazett, H C , and Pierce, H F Diurnal Variations in 
the Hemoglobin Content of the Blood, Lancet 2 5S8-591 (Sept 18) 1920 

3 Rabinocitch, I M Variations of the Percentage of Hemoglobin in 
Man During the Day, J Lab & Clin Med 9 120-123 (Nov ) 1923 
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He noted maximal variations ranging from 1 1 to 26 2 per cent with no 
definite trend to the \anations It is perhaps a matter of coincidence, 
but, as his figures are given, it happens that in the four subjects show- 
ing the greatest maximal variation, 20 2, 21 4, 26 and 26 2 per cent , the 
low percentages occur m the afternoon 

It would seem more probable that these changes in the hemoglobin 
were either due to redistribution of the corpuscles, or to changes in 
plasma volume, and not to destruction and production of corpuscles 
The latter possibility I have, m part at least, ruled out by testing the 
fluctuations in the counts of the transfused corpuscles, and finding that 
they, too, show fluctuations which tend to parallel those found in the 
native red blood count, the discrepancies between the two sets of lead- 
ings being inconsiderable, m view of the degree of accuracy of the tech- 
nic, although it is conceivable that there might be some significance to 
them 

My interest in diurnal fluctuations in the cell count as a probable indi- 
cation of blood volume change was enlisted by the marked differences 
that were often noted between counts taken at different times of the day 
m patients with pernicious anemia, who were at the beginning of a course 
of treatment As the patient improved, there was a tendency for the 
counts to become less irregular One case (Case 80) especially was 
studied from this point of view Counts were taken between 8 and 9 
a m , and in the evening The study was begun immediately after the 
first transfusion The fluctuations of the count of unagglutinable cor- 
puscles indicated at first volumes which changed from 72 to 47 c c for 
each kilogram of body weight, the higher volume being found in the 
morning In the course of nine days, as the patient’s condition improved 
v ith rest in bed and forced fluids, the volume, as determined by the 
count of unagglutinable corpuscles, gradually increased to 83 cc for 
each kilogram of body weight, and the fluctuations became negligible 
This increase was not accompanied by any marked improvement m the 
number of native corpuscles found m each cubic millimeter of blood, 
although if the interpretation of the decrease in the number of unagglu- 
tinable corpuscles, as indicating a blood volume increase, is correct, the 
total number of corpuscles in the circulation was considerably augmented 
As compared with the fluctuations reported for normal subjects by 
RabmoMtch, and foi normal and anemic subjects by Dre)er, the fluctua- 
tions, in this subject, were greater at the beginning of treatment, and 
less after impro\ ement had taken place 

Studies were made of blood volume changes through the day It 
was not practicable to make many determinations m one day, but four 
consecutive studies were made on a patient with pernicious anemia, w'ho 
w r as m bed in the hospital , the count remained low throughout the Hudy 



728 


ARCHIVES OF INTERNAL MEDICINE 


Two studies were made on a patient with pernicious anemia, who was 
out of the hospital and m better condition, and two more intensive studies 
were made on a patient with purpura, who was fairly well Also a small 

Table 1— Diurnal Vernation m Blood Red Cell Count Unagglutinable Corpuscles 


Case 

151 


97 


116 


80 


Red Cell Unagglutinable 

Count Corpuscles 

, ' \ / ' \ 

In Per Cent In Per Cent 


Date 

Time 

Millions Change 

Millions 

Change 

Diagnosis and Remarks 

8 / 10/21 

Transfusion pith unlike group blood 



3/11/21 

9 00am 

212 

0 

0 760 

0 

Pernicious anemia 


4 15 p m 

1 53 

—28 

0 638 

—16 


3/14/21 

9 15 a m 

164 

0 

0 578 

0 



3 00 p m 

1 39 

—15 

0 529 

- S 



5 00 p in 

1 q S 

— 5 

0 556 

— 4 


3/16/21 

9 00 a m 

1 88 

0 

0 701 

0 

From ear 


9 00 a m 

161 

0 

0 649 

0 

Prom vein 


12 00 m 

1 59 

—15 

0 657 

— 6 

From ear 


3 30p m 

1 57 

—15 

0583 

—17 

From ear 


3 30 p in 

1 10 

— 2S 

0,49S 

—22 

From vein 


7 00 p m 

1 75 

—13 

OGSO 

— 3 

From ear 

3/17/21 

Transfusion 





3/24/21 

9 10 a m 

194 

0 

0 504 

0 



11 30 a m 

1 94 

0 

0 573 

— 4 



3 20 pm 

2 07 

+ 6 

0 524 

—12 



9 30 a ni 

1 91 

— 1 

0 602 

+ 1 


9/ 3/20 

10 00 a m 

2 70 

0 

0 534 

0 

From ear Pernicious anemia 





0 529 

0 

From vein 


2 30 p m 

265 

— 5 

0 641 

+20 

From ear 





0 583 

+10 

From vein 


9 00 a m 

209 

-23 

0 513 

— 4 

From ear 





0 584 

+10 

From vein 

9/10/20 

9 20 a m 

2 82 

0 

0 683 

0 

From ear 





0 622 

0 

From vein 


3 00pm 

2 45 

—13 

0 657 

— 4 

From ear 





0 513 

—16 

From vein 


8 15 a m 

2 47 

—12 

0 590 

—14 

From ear 





0 576 

— 7 

From vein 

2 / 6/20 

7 45 a m 



0 490 

— 4 

In bed Purpura 


9 45am 



0 503 

— 2 

In bed 


n 00 a m 

Breakfast 




Up and about 


11 30 a m 



0 511 

0 



1 15 p m 

594 


0 512 

0 



1 30pm 

Luncheon 






3 00 p m 



0 490 

— 4 



5 30 p in 



0 446 

—13 



6 OOp m 

Dinner 






6 40 p m 

514 


0 466 

— 9 



9 50 p m 



0 553 

4“ 8 



12 40 a m 

533 


0 520 

+ 2 


2/11/24 

8 25 a m 

5 04 

— 7 

0 423 

—13 



10 15 a m 

Breakfast 






10 55 a m 

5 42 

0 

0 48S 

0 



11 20 a m 



0486 

0 



11 40 a m 

5 25 

— 4 

0 4S7 

0 



12 10 p m 



0 470 

— 4 



1 15pm 

Luncheon 






1 30 p m 

500 

— S 

0 435 

—11 



2 55 p m 



0 438 

—10 



3 55 p m 



0 442 

— 9 



5 15 p m 

517 


0 453 




6 45 p m 

Dinner 






7 30 pm 

538 


0500 

+12 



9 00 p m 

Hot lemonade 





9 15pm 



0 413 

—13 



11 15 pm 



0 430 

—12 



12 50 p m 



0 43S 

—10 


S/31/19 

10 OO a m 

1 93 

0 

0 522 

0 

Pernicious anemia 


3 00 p m 

1 99 

+ 3 

0 545 

+ 4 



6 00 p m 

2 06 

+ 6 

0 564 

+ 8 



study on a patient previously mentioned (Case 80) is included because 
it proved an exception to the trend in the change of count In some 
instances, counts were made both on blood from the ear and on blood 
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from venipuncture The percentage of change is based on the first count 
obtained after breakfast Duplicate or triplicate counts were made in all 
instances, and only those which gave satisfactory checks are included 
in Table 1 

In the case of the patient with pernicious anemia who was in bed in 
the hospital, and who was tested four times, theie was a lower count, 
indicating a greater blood volume m the afternoon than in the morning 

Table 2 — Variation m Blood Volume as Indicated by Vai rations in the Cell 

Count Following Tiansfusion 


TJnagglutin 
Red Cell able Cor 




Tfme After 

Count in puscles in 

Blood Temper- 


Case 


Transfusion 

Millions 

Millions 

Volume 

aturc 

Remarks 

97 

Before 


1 90 

0 070 






10 minutes 

1 89 

0 495 

5,350 





35 minutes 

2 20 

0 498 

5,350 

992 

Chill beginning 



39 minutes 


0 543 

4,800 


Severe shivering 



42 minutes 


0 550 

4,000 


Severe shivering 



70 minutes 

1 78 

0 495 

5,350 

102 2 




4 hours 

224 



102 4 




18 hours 

2 19 

0 405 

0,100 



01 

Before 


209 

0 440 

4,900 

03 7 

Patient in Group 4 received a 







Group 4 transfusion follow 
mg a Group 2 transfusion 
Unagglutinated corpusces 

nre Group 2 corpuscles 





40 minutes 

2 59 

0 589 

3,700 

100 8 

Slight chill 



3 hours 

2 58 

0 553 

3,900 




18 hours 

2 25 

0 448 

4,700 



212 

Before 


1 15 

0 031 






10 minutes 

1 10 

0 546 

3,820 


Vomited 



40 minutes 

161 

0 724 

3,400 

3,340 

102 




18 hours 

104 

0 737 

992 


207 

Before 


1 75 







10 minutes 

2 14 




Lymphatic leukemia, high count 








of white cells, no transfusion 
reaction 



40 minutes 

2 08 







70 minutes 

2 13 







18 hours 

2 07 





115 

Before 


4 58 







10 minutes 

4 79 

0 550 



Iso transfusion reaction 



40 minutes 

4 82 

0 500 






18 hours 

4 90 





29 

Before 


2 06 

0128 



Group 1 transfusion 


After 


250 

0 0S7 

3,400 




18 hours 

3 05 

0 700 



Chill day after transfusion 



2 days 

2 23 

0 548 

4,000 



oi evening The counts on the patient with purpura, who was ambula- 
tory, indicated that the blood volume was high while he was in bed in the 
morning, became less after he had been up and had had his breakfast, 
increased further in the afternoon, and decreased after dinner on both 
days that the tests weie run, although on one day, when hot lemonade 
was taken at 9 m the evening, there was an increase m volume which 
was still evident at midnight In the case of the patient with pernicious 
anemia, who was in the better condition, there was an increase in the 
blood volume m the afternoon on one day, but on the occasion of the 
othei test, there were irregularities in the results for which I cannot 
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account These data would, on the whole, indicate that there is a ten- 
dency for the blood volume to increase in the afternoon in some persons 
who are not normal On the other hand, in six comparisons between 
the morning and afternoon counts which were made on a normal subject, 
no definite tendency appeared The maximal percentage of variation 
was considerably less 

Of interest m this connection is some work reported by Price-Jones 4 
on the diurnal variation in the size of the red corpuscles He finds con- 
siderable variation due to changes in the hydrogen ion concentration of 
the blood In the morning before any exercise has been taken, he finds 
the corpuscles smallest They increase in size during the day and fall 
again after midnight The investigation was made on his own blood 
Of the three curves that were made, one was representative of a study 
of the changes which occurred while the subject remained in bed for 
twenty-four hours In this curve, although the general shape is the 
same as that of the other two taken during a normal day’s activity, there 
is a marked fall in the size of the average diameter of the corpuscles 
between 3 and 6pm, during which time two observations were made 
Although the author does not stress this point, it is of interest in view of 
the change m blood volume found m patients during this time, as the 
results obtained from the subject kept in a state of comparative inactiv- 
ity would be likely to be more comparable to those obtained from a 
patient whose activity is reduced 

Changes in weight in tuberculous jiatients, reported by Scott, 5 are 
also if interest in this connection The patients were weighed at 10 a m , 
and between 2 and 4 p m Of 962 patients, 611 weighed more in the 
afternoon than m the morning, the difference being from 0 25 to 4 
pounds In the positive cases, theie was a greater difference between 
the morning and afternoon weights than m the suspects, and the more 
advanced the disease, the greater the difference As the jxttients who 
were m the worse condition had the greatest increase m weight in the 
afternoon, the figures would suggest that there was some factor other 
than the increase in weight of the intestinal contents resulting from the 
intake of food, and that the body tissues themselves, of which the blood 
may have been the most important, increased then water content 

Changes m hydrogen ion concentration of the blood immediately sug- 
gest themselves as the cause of the changes m blood volume, but no 
parallel studies of hydrogen ion concentration of the blood were made 
Changes m hydrogen ion concentration would be expected to affect the 

4 Price-Jones, C The Diurnal Variation in the Sizes of Red Blood 
Cells, J Path & Bacteriol 23 351-383 (Dec ) 1920 

5 Scott J M Diurnal Variation in Body Weight in Tuberculous Patients, 
Lancet 2 639-640, 1919 
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plasma volume and the total corpuscle volume m opposite directions 
We know that an increase in hydrogen ion concentration within the range 
of the hydrogen ion concentration of the blood causes a decrease in cor- 
puscle volume Although I have seen no work on the variation in 
osmotic pressure of blood seium with vanation in hydiogen ion concen- 
tiation, I think it safe to assume, in view of the work of Sorenson G and 
Loeb 6 7 on egg albumin and gelatin, that both the chief constituents of 
the blood serum increase m osmotic pressure with an increase in alka- 
linity within the lange of the hydiogen ion concentration of the blood, 
although in view of the fact that their iso-electric points are different, the 
cuives foi then late of change within the same.iange of hydiogen ion 
concenti ation may be quite unlike The change in the whole blood vol- 
ume would be due to the combined eftect of the decrease in the size of 
the coipuscles and of the increase in osmotic pressure of the serum 
proteins The sum of these changes, if this is the explanation, is appar- 
ently smallest in noimal subjects in whom the corpuscle and plasma vol- 
umes are more nearly equal, and greater in anemic subjects in whom 
the corpuscle volume is diminished On this basis, it would seem that 
the increase in the plasma volume usually approximately balances the 
decrease in corpuscle volume caused by deciease in hydrogen ion concen- 
tration of the blood in noimal subjects, whereas m anemic subjects the 
corpuscle decrease in volume is not enough to balance the serum protein 
increase m osmotic piessuie producing the more unstable blood volume 
It would seem piobable also that differences in the proportion of serum 
albumin and serum globulin may play a part A study of the tendency 
to instability of blood volume m correlation with the protein composition 
of the blood would be of interest The fact that this increase m blood 
volume m the afternoon has tended to appear in patients who are inactiv e, 
and not in the normal subject studied, may also be due to some physio- 
logic alkaline tide, perhaps that of digestion, which in the normal sub- 
ject was masked by bodily activity 

CHANGE OF VOLUME DURING TRANSFUSION REACTIONS 

A few studies weie made on patients following transfusion, both 
during a reaction and when there was no reaction As the transfusions 
were given in the early afternoon, and reactions usually occm in one- 
half to one and one-half hours after tiansfusion, the time of day at 
which these transfusion reactions occurred was that at which normall} 
there would tend to be an mciease in blood volume My few studies 

6 Sorenson, S T Studies on Proteins, Compt rend Lab de Carlsberg, 
Copenhagen, 1917 

7 Loeb, J Proteins and the Theory of Colloidal Behavior, Ed 1, New 
York, McGrav r -Hill Book Company, 1922 
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would seem to indicate that whether or not there was an initial increase 
in blood volume following transfusion, over and above that produced 
by the transfusion itself, when a transfusion reaction occurred, it was 
accompanied by a decrease m volume This decrease was not observed 
m cases in which no reaction resulted from transfusion From the data 
given m Table 2, it will be seen that the magnitude of the decrease in 
volume is of about the same order as the greater increase m volume found 
m the more sensitive patients in the diurnal change at this time 

The counts from which these volume computations were derived 
were made on blood from an ear puncture, and may have been influenced 
by the admixture of blood from the capillaries, m which a greater ten- 
dency to congestion is possible on puncture during the transfusion reac- 
tion than before As simultaneous venipuncture was not done, this 
possibility cannot be ruled out I am, however, of the opinion that it is 
the less piobable explanation of the increased count, and that this was 
more probably due to a decrease m blood volume The greater instability 
of blood volume, which appears to exist m patients who are in the initial 
stages of their treatment, and the finding of Butsch and Ashby, 8 that m 
a series of 265 transfusions, eighty-one patients with a hemoglobin 
below 30 per cent had a markedly greater tendency to reaction (45 per 
cent against 35 per cent ), would make it seem piobable that there may 
be some common ground for the tendency to instability of blood volume 
and the tendency to transfusion reaction, since these patients with the 
lower hemoglobin were on the whole those who were m the initial stages 
of their treatment 

8 Butsch, J L, and Ashby, Winifred The Effect of the Digestive Period 
and Other Factors in Reactions After Blood Transfusions, New York M J 
113 513-517 (April 6) 1921 
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V THE Eri'ECl OF TREATMENT ON THE BLOOD VOLUME Or 
PATIENTS WITH PERNICIOUS ANEMIA 1 

WINIFRED ASHBY, Pn D 

ROCIICSTCR, MINN 

The blood volume of patients with pernicious anemia was calculated 
from the count of unagglutmable corpuscles during the couise of a senes 
of transfusions The numbei of corpuscles for each cubic millimeter 
was counted, the total number of coipuscles piesent in the cn dilation 
computed, and an attempt was made to cori elate the thiee factors, 
blood volume, red cell count and total number of coipuscles, with the 
geneial condition of the patient 

The studies weie staited simultaneously with the tieatment of a 
patient who eithei had not been treated before, or who had come back 
for a course of tieatment aftei a i elapse A transfusion of unagglutm- 
able corpuscles was given first, followed by a senes of transfusions of 
blood of the same gioup as that of the patient These studies were 
made incidental to a study of the rate of elimination of transfused 
blood m patients with pernicious anemia At the time when they were 
made, it was not feasible to confirm by other methods the changes in 
volume which appaiently occuired, although, in solnc instances, it was 
possible to make a paitial check by means of a second unlike gioup 
tiansfusion A blood volume, however, delei mined from change m 
unagglutmable coipuscles befoie and after transfusion, is open to the 
possibility of erroi alieady consideied , 1 but, as the number of coipuscles 
present befoie tiansfusion is not greatei than the numbei added, the 
erroi which might be mtioduced by fluctuations in blood volume would 
be such that the lesult may be regaided as of value foi venfication 
The lesults have also been checked to a ceitam degiee by a comparison 
of the maximal blood volumes in this series with those in similar cases 
by other woikers using the vital red method The possibility that the 
appaient increase m the blood volume lesulting in many instances from 
a series of transfusions might be due to destiuction of the unagglutmable 
coipuscles initially tiansfused, rather than to their dilution, was still 
further investigated, m some cases, by giving the tiansfusion of unag- 
glutmable blood from which the blood volume was derived as a later 
member m a senes of transfusions It was then possible to compare the 

* From the Mayo Foundation 

1 Ashby, Winifred Blood Volume III Apparent Changes in Blood 
Volume Indicated by Transfusion, and Their Bearing on Methods of Determin- 
ing Blood Volume by Means of the Degree of Change m a Constituent of the 
Blood, Following Transfusion of a Known Amount of That Constituent Arch 
Int Med 35 641 (May 15) 1925 
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blood volume so obtained with volumes indicated aftei a similar degree 
of treatment in cases in which the transfusion of unagglutinable blood 
was the initial transfusion 

The patient’s own impression of his condition, my impressions as I 
saw him in the course of the expenment, the hospital records, and the 
clinician’s resume of the case, before and after treatment, were made 
use of in determining the change in condition due to treatment As 
Lindeman 2 considei ed that there was a correlation between a high 
blood volume and the ability to enduie a low cell count without so much 
inconvenience from “palpitation of the heart and ringing in the ears,” 
the patients were questioned as to this point Note was made of throb- 
bing sensations m the bod) and ringing m the eais 

Of the numerous cases studied, the complete data on a few which 
seem to be representative are given, and also the data on one (Case 59), 
which seems to be exceptional The patients may be classified as follows 
(1) those whose blood volume and cell count were initially low, who 
were in very bad condition, and who improved without any considerable 
increase in cell count as detei mined by the cell content for each cubic 
centimeter of blood, but with a compai atively maiked mciease in blood 
volume and total cell count, (2) those who nnpioved only little, and 
whose appaient blood volume and cell count lemamed low, (3) those 
who had a neatly nonnal blood volume, and weie in fauly good condi- 
tion befoie treatment, and who made a good lecovery following tians- 
fusion, and (4) an occasional case in which the initial blood volume and 
count wei e low and in w Inch thei e was an impi ovement in the cell count 
befoie there was an mciease in blood volume 

REPORT Or CASES 

Case 70 — A man, aged 62, had pernicious anemia He was in very poor 
condition On physical examination, a pulsating w r ave in the upper abdomen 
was noted (probably pulsating aorta), and a bruit over the femoral vessels He 
improved markedly under treatment, and became able to take fairly long walks 


Table 1 — Findings m Case 70 


Bajs of Treatment 
Transfusion of unlihe group blood 

Red Cell 

Count in 

Corpuscles 
to 1 neb 
kilogram of 

C c ' i Blood 
fo Lacli 
Kilogram of 

Million* 

Bodj Weight 

Body Weight 

0 

102 

55 x 10° 

54 

1 

1 28 

96 x 10° 

75 

3 

1 13 

89 x 10° 

7'i 

4 

4 Transfusion 

08S 

77 x 10» 

ss 

5 

1 11 

108 x 10 3 

97 

8 

11 Transfusion 

1 40 

131 x 10 3 

94 

14 

1 T9 

159 x 10” 

89 

1 I 

1 G2 

107 x 10° 

103 

IS 

1 01 

177 x 10 3 

120 


2 Lindeman, E The Total Blood Volume in Pernicious Anemia, J A 
M A 70 1292-1297 (May 4) 1918 
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Case 43 —A man, aged 49, had pernicious anemia He was given the 
first series of transfusions and died three years later 


Table 2 — Findings at Case 43 




Corpuscles 

C c of Blood 


Days of Red Cell 

to Each 

for Each 


Treat 

Count In 

Kilogram of 

Kilogram of 


mont 

Millions 

Body Weight 

Body Weight 

Remarks 


Transfusion of unlike group blood 



1 

195 

119 x 1 0 9 

01 

Ringing in the ears and throbbing 

2 

1 85 

124 x 10 9 

07 


4 

171 

152 x 10° 

S9 

Ringing and throbbing stopped 

8 

Transfusion 




11 

2 20 

194 x 10° 

£8 


14 

1 90 

154 x 10° 

83 


14 

Transfusion 




34 

2 40 

230 x 10° 

96 


1(5 

2 40 

258 x 10° 

108 


45 

232 

259 X 10° 

108 

Patient feels much better 

51 



So 

Patient weaker 

53 

210 

181 x 10° 

84 

Patient stronger 

50 

184 

157 x 10° 

85 

Patient stronger 

5 9 

Drop occurred fn the count of transfused corpuscles indicating elimination, ringing in 


ears and throbbing commenced again 


00 

Transfusion 




00 

213 



Ringing in ears stopped 

00 

Transfusion 




08 

210 




91 

Transfusion of unlike group blood 



91 

2 39 

201 X 10° 

84 



Case 57 — A man, aged 63, had pernicious anemia The patient complained 
of ringing in Ins ears, and a throbbing sensation He had noticed weakness 
for the last two years On examination just before transfusion, a soft, boom- 
ing systolic murmur and edema w r ere noted The patient received the first 
series of transfusions 


Table 3 — Findings tn Case 57 


Days of Red Coll 

Corpuscles 
to Each 

C c of Blood 
for Each 


Treat 

Count in 

Kilogram of 

Kilogram of 


ment 

Millions 

Body Weight 

Body Weight 

Remarks 

0 

1 

Transfusion of unlike group blood 
1 54 85 X 10° 

55 

55 

Ringing in car and tiirobbing sensation 

2 

1 55 

79 x 10" 

51 

Ringing in ear and tiirobbing sensation 

4 

1 31 

06 x 10° 

50 

Ringing m ear and throbbing sensation 

0 

1 05 

89 X 10° 

54 

Ringing in ear and throbbing sensation 

7 

1 72 

88 X 10° 

51 

Ringing in ear and tiirobbing sensation 

9 

189 

104 X 10° 

55 

Ringing in ear and throbbing sensation 

11 

195 

113 X 10 9 

58 

(felt better, gain in weight) 

Ringing in ear and throbbing sensation 

13 

217 

107 X 10° 

50 

Ringing in ear and throbbing sensation 

14 

1 53 

106 X 10° 

09 

Less ringing and throbbing 

14 

15 

Transfusion 

2 2-4 

106 X 10 fl 

74 

Ringing and throbbing ceased 

20 

1 St 

327 X 10° 

09 

21 

23 

Teeth extracted 
1 87 

122 X 10 9 

65 

Ringing in cars at night 

27 

1 87 

127 v 10° 

OS 


Two months later, the patient retuined, complaining of ringing in the ears 
and throbbing in the abdomen He received a like group transfusion, soon 
after which these symptoms disappeared An unlike group transfusion, fol- 
lowing this, gave the data for a blood volume estimate, which was 111 cc for 
each kilogram of body weight At this time, the red cell count was 1,480,000, 
and the total cells for each kilogram of body weight was 164 by 10 9 A 
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second Group 1 transfusion, seven days later, gave data for a volume estimate 
of 101 c c for each kilogram of body weight After a fourth transfusion, in 
this series, the patient was dismissed The clinician's summary was “appetite 
better, slight weight increase, not stronger, not much improvement” 

Case 54— A man, aged 44, had pernicious anemia The patient did not 
complain of ringing in the ears or throbbing He received a series of three 
transfusions He returned five months later in fair condition, and died seven 
months later 


Table 4 — Findings in Case 54 




Corpuscles 

Cc of Blood 


Bed Cell 

to Each 

for Each 


Count in 

Kilogram of 

Kilogram of 

Days of Treatment 

Millions 

Body Weight 

Body Weight 

Transfusion 




0 



68 

3 

1 59 

106 x 10° 

67 

6 

1 63 

130 x 10° 

£0 

6 Transfusion 




7 

1 £4 

157 X 10° 

85 

11 

2 17 

145 x 10° 

67 

12 Transfusion 




12 

2 20 

150 X 10° 

68 

13 

2.12 

153 X 10» 

72 

17 

2 05 

140 X 10° 

6S 


Case 59 — An obese woman, aged 52, had pernicious anemia She had 
had previous transfusions and a remission of symptoms At the time of this 
study her blood count was 1,330,000 She was given an unlike group transfusion 
of 475 cc, after which she greatly improved, her health became practically 
normal, and remained so for about three years She did not complain of 
throbbing sensations or ringing in the ears 


Table 5 — Findings in Case 59 




Corpuscles O c 

of Blood 


Days of 

Red Cell 

to Each for Each 


Treat- 

Count m 

Kilogram of Kilogram of 


ment 

Millions 

Body Weight Body Weight 

Remarks 

Transfusion of unlike group blood 



0 

1 88 

92 x 10° 

49 


1 

1 77 

74 X 10° 

42 


7 

1 52 

71 x 10 9 

47 


11 

161 

£3 x 10° 

52 

Very hot weather, patient felt well 

22 

2 98 

90 X 10° 

31 

26 

355 

114 x 10° Alkaline 

32 

28 

3 47 

115 x 10° reserve 

33 

Began taking sodium bicarbonate, 8 gm 

31 




required to make urine alkaline 

33 

397 

306 x 10° 

77 

34 



68 





73 


38 

4 02 

340 x 10° 

82 


40 

450 

396 x 10° 

SS 


43 

4 79 

392 x 10 9 

82 


57 

4 89 

430 x 10 9 

88 



Case 97 — A man, aged 42, had pernicious anemia He did not complain 
of ringing in the ears, or of throbbing sensations He received his first series 
of transfusions, and became comparatively well Later, a splenectomy was 
performed He was in good health four years after this study 
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Table 6 — Findings in Case 97 


737 



Red Cell 

Corpuscles 
to Each 

C c of Blood 
for Each 


Count in 

Kilogram of 

Kilogram of 

Days of Treatment 

Millions 

Body Weight 

Body Weight 

Transfusion of unlike group blood 

0 

1 80 

142 x 10° 

75 

1 

2.19 

211 x 10° 

96 

6 

212 

242 x 10® 

114 

10 

212 

193 X 10® 

91 

11 

280 

266 x 10® 

93 

13 

2 87 

250 X 10® 

87 

15 

2 75 

256 X 10® 

94 

17 

2 42 

245 X 10® 

Id 

17 Transfusion 

27 

2 55 

222 X 10® 

87 

28 Transfusion 

31 

3 30 

316 X 10® 

94 

35 

3 03 

240 X 10® 

79 

42 

2 srr 

244 X 10® 

85 


49 Patient home in excellent condition Ten months Inter, alter a scries of transfusions which 
nerc ineffective, a splenectomy uns performed, followed three days later by a transfusion 
Transfusion 


26 

2 70 

175 X 10® 

65 

31 

260 

162 x 10® 

62 

78 



SO 

78 Transfusion of unlike group blood 




78 

2 44 

224 X 10® 

92 


COMMENT 

Case 70 is a striking example of Group 1 In a similar case, the 
increase m blood volume was verified by a second unlike group trans- 
fusion Case 43 is a less striking illustration of the same group, m that 
the blood volume (61 cc for each kilogram of body weight) and blood 
count were not so low initially, and the patient was in better condition 
In this case, after the almost complete elimination of the unlike group 
transfusion, a blood volume determination was made possible by a 
second unlike group transfusion following two like group transfusions 
A blood volume of 84 c c for each kilogram of body weight was found, 
which was comparable to the blood volume that had apparently pre- 
viously been established by a series of transfusions Tins finding 
increases the probability that the improvement in blood volume which 
apparently occurred during the first series of transfusions was a reality, 
and not the result of an elimination of unlike group transfused cor- 
puscles Cases 5 7 and 54 illustrate Group 2 Case 97 illustrates 
Group 3 A series of transfusions rendered this patient’s blood nearly 
normal for a time A splenectomy, which was performed after a 
stubborn relapse, was followed by a poorer condition , the blood volume 
was lower and took longer to become normal Case 59 is exceptional 
m that a single transfusion initiated a marked and prolonged remission 
The woman was obese and her blood volume was initially low It 
apparently reached the low figure of 31 c c for each kilogram of body 
weight during some very hot weather, without any inconvenience to the 
patient However, as the patient’s skin tended to be flushed, I am 
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inclined to suspect that the high count in the unagglutinable corpuscles 
which caused the calculation of a low blood volume may have been 
produced to some extent by congestion of corpuscles in the capillaries 
Thirty-one days after the transfusion, coincident with the administration 
of small daily doses of sodium bicarbonate, there was a drop in the 
unagglutinable corpuscles This, if due to increase m blood volume, 
indicates the establishment of a normal blood volume The cell count, 
at this time, increased to 4,000,000 At this length of time after trans- 
fusion, however, a drop in the number of transfused cells is more safely 
regarded as their elimination 

The higher values obtained in this series are of the same order as 
those reported by Keith 3 using the vital red method They are usually 
in the vicinity of 85 cc for each kilogram of body weight, in a few 
instances, they are over 90, values of 103, 108 and 114 appear One 
value of 120, which appeared at the end of the series m Case 70, may 
well have been due to destruction of transfused corpuscles, although 
it is not out of keeping with values reported by Keith m cases of 
leukemia In a series of nineteen determinations reported by Keith 
on patients with pernicious anemia, nine had volumes ranging from 
81 to 89, one had a volume of 92, one 102, and one 106 c c for each 
kilogram of body weight Keith, unlike Bock 4 finds much variation 
in plasma volume percentages among diffeient patients, and also in 
individual patients Although the results given here have not been 
calculated in terms of plasma volume, it is obvious that the inci eases 
indicated would, in most cases, have to be mainly m the plasma volume, 
as the corpuscle increase was usually not sufficient to account for the 
difference 

There were a few instances in which the unlike group tiansfusion, 
from which the blood volume determination could be made, was not 
the first transfusion The immediate blood volume calculations obtained 
m these cases are parallel to the values indicated at the same length 
of time after the initial transfusion in cases in which the unagglutinable 
blood was given at the first transfusion, and had consequently been in 
the circulation for some little tune when the determinations were made 
This would still further support the validity of the apparent inci eases 
m blood volume on a series of transfusions seen in some cases Besides 
Case 43, in which, when the unlike group transfusion was the third in 
the series instead of the first, a value of 84 was obtained, and Case 57, 

3 Keith, N M The Total Circulating Volume of Blood and Plasma 
in Cases of Chronic Anemia and Leukemia, Am J M Sc 165 174-184 (Feb ) 
1923 

4 Bock, A V The Constancy of the Volume of the Blood Plasma, Arch 
Int Med 27 83-101 (Jan ) 1921 
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m which a second transfusion gave a value of 111, there are three other 
cases In Case 60, m which a second transfusion gave a value of 63 , 
in Case 49, in which a third transfusion gave a value of 91, which was 
slowly decreased during the succeeding eleven days, and m Case 112, 
m which the fifth transfusion in two months gave a blood volume 
value of 87 c c for each kilogram of body weight, this value was main- 
tained On the whole, these figures, obtained immediately from the 
later unlike gioup transfusions, are representative of a cross section 
of the foregoing studies and indicate that the apparent increase in blood 
volume, which occurred in certain cases, was probably not due to 
destruction of the transfused coipuscles, but to their dilution by blood 
volume increase 

SUMMARY 

The patients who were m the worse condition at the beginning of 
their treatment had the lower blood volumes The blood volumes of 
patients who weie made much more comfortable by their transfusions 
increased, even, in some instances, without a great increase m the cell 
count for each cubic nulhmetei, although with the increase m plasma 
indicated, the total amount of circulating corpuscles was greatly 
increased It seems probable that when a patient is not definitely 
gaming, so far as his hemoglobin is concerned, a decrease in the plasma 
volume means a fall m the cell count I am inclined to think that, if a 
patient’s blood destroying mechanism will tolerate an increase in the level 
of his cell count, an increase in the count with a stationary or even 
compensatory falling plasma volume may be of advantage, but that if 
his blood destioymg mechanism is so sensitive that it will not tolerate 
much increase m the level of the blood count, then the increase m plasma 
volume, causing a total increase in the corpuscle content without greatly 
raising the level of the cell count, would be helpful Except in the case 
of the obese woman, there seems to be a relationship between the throb- 
bing sensations and ringing m the ears, and the low blood volume 
Generally, these symptoms disappeared with the establishment of a blood 
volume of 57 c c for each kilogram of body weight 



THE MECHANISM OF REACTION OF NONSPECIFIC 
PROTEIN AGENTS IN THE TREATMENT 
OF DISEASE 

II THE INFLUENCE OF VARIOUS AGENTS ON THE MOBILIZA- 
TION OF BLOOD ANTIBODIES 51 

CHINGSON Y LING, MD 

PHILADELPHIA 

When a suitable foreign protein is carefully administered to a 
patient suffering from acute or chronic infection, there is no doubt 
that the patient will give evidence of increased antibody production, 
measured by agglutinin titer, opsonic index, bacteriolytic activity and 
methods of complement deviation, as observed and repeatedly confirmed 
by different workers Here, however, the clinical findings often fail 
to measure up to the laboratory expectations 

On the other hand, the possibility of these antibodies, as they are 
mobilized, playing an important role, at least m the ultimate recoveiy 
of the patient, cannot be ignored, though the temporary relief of the 
symptoms might not necessarily depend a great deal on them 

Theories have been advanced to explain the mechanism of serum 
antibody fluctuation, but the opinions of different observers vary as do 
the results obtained by them 

Teaque and McWilliams 1 show that the intravenous injection of 
a suitable dose of killed typhoid bacilli in rabbits causes, within 
twenty-four hours, a “refractory state” which enables them to with- 
stand a dose of living typhoid that is fatal to a normal rabbit The 
serums of these rabbits, however, show a distinct but not a marked 
bacteriolytic titer four and twenty-four hours, respectively, after such 
injections They suggest that blood seium is more bactericidal than 
lymph, and that the vaccine injection causes a greater flow of bactericidal 
serum into the lymphoid organs and thus overcomes the local infection 

Culver 2 worked chiefly on gonococcal arthritic patients , ten of them 
received successive injections of proteose and six received killed gono- 
cocci He was not able to find marked differences m results from these 
two groups of patients treated, nor did he find marked bactericidal 

*From the Department of Bacteriology and Immunology, Graduate School 
of Medicine of the University of Pennsylvania 

1 Teaque, O , and McWilliams, H I The Bacteriolytic Power of Normal 
and Immune Rabbit Serum for Typhoid Bacilli and the Intravenous Injection 
of Vaccine upon the Same, J Immunol 2 167, 185 (Feb) 1917 

2 Culver, H Antibodies in Gonococcal Arthritis, J Lab & Clin Med 
3 11 (Oct) 1917 
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titer changes in the serums of these patients within twenty-four hours 
after the administration of the proteins He thinks that the antibody 
fluctuation caused by the intravenous injection, which produces a chill, 
might be explained by the motion of the affected part during the chill, 
and that it is not due directly to the foieign protein injection 

Bruck 3 4 has suggested that the protein acts as a toxoid antigen which 
brings about the sensitization of cell leceptors and the overproduction of 
similar sessile receptors, but which has lacked the necessary stimulus to 
cause the discharge of these receptors 

Recentl), Heirmann, 1 who has investigated this subject more 
fully, has shown that after the intravenous injection of ascitic fluid 
and human serum there is definite liberation of specific opsonin 
agglutinin in rabbits previously sensitized with streptococcus or meningo- 
coccus, and maikedly so of lysin m those sensitized with sheep erythro- 
cytes, while nonspecific protein has no effect on the rabbits previously 
sensitized with Bacillus typhosus He concludes that the intravenous 
injection of foreign protein serves as a stimulus for the liberation of 
specific antibodies in animals in which the previously injected antigen 
is unable to cause such a liberation, the insufficiency may lie either 
in the antigen or in the labbits 

Larson 5 holds practically the same point of view as does Herrmann 
He believes that many bacteria, such as pneumococcus and streptococcus, 
are imperfect antigens corresponding to the heated tetanus toxin, the 
toxoid During the actne processes of streptococcic or pneumococcic 
infection, these organisms act as stimuli to induce the cells to pioduce the 
specific antibodies against these specific organisms, but these imperfect 
antigens do not possess the second stimuli, the “exfoliative stimuli,” the 
stimuli which cause the antibodies to be cast oft from the cells into the 
blood cnculation This second stimulus, as Larson assumes, is supplied 
by the nonspecific agents, such as vaccines, foreign proteins and proteose 
In other words, the antigen which stimulates the cells to produce anti- 
bodies is specific, while the agent which causes the cells to throw off 
the antibodies formed is not necessarily specific From these premises, 
Larson draws his conclusion that the injection of foreign proteins 
enables the organism to throw off the so-called sessile antibodies and 
get them into the circulation 

3 Bruck, C Experimented Beitrage zur Theorie der Immunetat, Ztschr 
f Hyg u Infectionskrankh 46 48, 176, 1904 

4 Herrmann, S F Liberation of Antibodies by Foreign Protein, J Infect 
Dis 23 457 (Nov ) 1918 

5 Larson, W P Principles of Foreign Protein Therapy, Minnesota Med 
2 332 (Sept ) 1919 
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In spite o£ all these divergent observations and opinions, we may 
safely assume, in the way Petersen does , 6 that 

We may expect that if injections are made in patients who have been previ- 
ously immunized that they will respond with an increase m the antibody titer 
of the serum, if they are injected during the course of the disease, antibodies 
which have been formed in the cells but not yet cast off may be “shed,” as 
Larson has suggested, and we may then determine an increase in the serum 
On the other hand, if they have been thrown into the circulation during the 
course of a disease as rapidly as formed, we cannot expect any increase in 
the titer We may also assume that with the stimulation of the cellular activity 
(“plasma-activation”) the cell will respond by producing an increased amount 
of antibodies if they still are capable of such response 

As antibodies, such as antitoxins, opsonms, agglutinins, bacteno- 
lysms, hemolysins and other cytolysms are frequently found m the 
serums of normal persons and animals, we may be allowed to assume, 
too, that these antibodies, the “natural receptors,” as they are present 
naturally in the organism, are capable of responding to the stimuli, and 
should suffer from the same fate, more or less, as those which are 
artificially produced, after an injection of a suitable dose of appropriate 
nonspecific protein agent By using normal, instead of previously 
sensitized persons and animals as subjects for study, we may eliminate, 
to some extent, the possible influence which may rise from difference 
in degrees to which the persons or animals are sensitized We thus are 
given a more adequate means to investigate the relative potency of 
various agents used in proteinotherapy and their selective, if any, influ- 
ences on different antibodies 

PURPOSE OF INVESTIGATION 

The study of the influence of various nonspecific agents on the 
thermoregulatory disturbances and the mobilization of leukocytes was 
given in a previous paper 7 The present interest has been devoted to a 
comparative study of the influence of various nonspecific agents on the 
mobilization of various native antibodies m the serums of normal persons 
and rabbits, using the same variety of agents as were used m the 
previous experiments 

PREPARATION OF AGENTS AND DOSAGE 

Eight agents were used, and the size of the dosage depended on the 
weight of the patient or rabbit They were as follows 

6 Petersen, W F Protein Therapy and Nonspecific Resistance, Ed 1, 
1922, p 67 

7 Ling, C Y Studies of the Mechanism of Reaction of Nonspecific 
Protein Agents in the Treatment of Disease I Influence of Various Agents 
on Temperature, Arch Int Med 35 598 (May 15) 1925 
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1 Sterile distilled water 0 1 cc per kilogiam of weight for human 
being, 1 cc per kilogram of weight for rabbit, given intravenously 

2 Autoserum 0 5 c c per kilogram of weight for human being and 
rabbit, intravenously 

3 Sterile horse serum 0 2 c c per kilogram of weight for human 
being and rabbit, given intravenously 

4 Certified milk with a bacterial count of from 7,000 to 10,000, 
boiled for ten minutes 0 2 c c per kilogram of weight for human being 
and rabbit, given intramuscularly 

5 Market milk, with bacterial count of from 300,000 to 400,000, 
boiled for ten minutes 0 2 c c per kilogram of weight for human being 
and rabbit, given intramuscularly 

6 Crotahn : — q- 0 gram per kilogram of weight for human being 
and— A- gram per kilogram of weight for rabbit, dissolved in saline 
solution and given hypodermically The material was kindly supplied 
by Dr Spangler of Philadelphia 

7 Peptone, a 1 per cent solution m physiologic sodium chlorid 
solution, autoclaved for twenty minutes 0 02 c c per kilogram of 
weight foi human being and rabbit, given intravenously 

8 Typhoid vaccine, consisting of 100,000,000 heat killed organisms 
suspended m saline solution 0 2 c c per kilogram of weight for human 
being and rabbit, given intravenously 

ANTIBODIES STUDIED 

Three specimens of blood weie obtained from each patient or rabbit 
befoie and four and twenty-four hours, respectively, after the adminis- 
tration of the agent The serums obtained were subjected to the follow- 
ing studies 

1 Serum titer of the bactericidal activity against Bacillus typhosus 

2 Serum titer of the bactericidal activity against Staphylococcus 
aw eus 

3 Bacteriotropic value of the serum m phagocytic activity for 
Staphylococcus aureus 

4 Serum titer of natural hemolysin m hemolytic activity against 
sheep erythrocytes 

5 Serum titer of complement m hemolytic activity against sheep 
erythrocytes 

BACTERIOLOGIC TECHNIC 

Badenolytic Titration — The method devised by Lacy and Heist, 8 for 
determining the bactericidal power of the coagulable blood against pneu- 
mococcus was principally used m bacteriolytic titration for B. typhosus 

8 Heist, G D Sohs-Cohen, S , and Solis-Cohen, M Bactericidal Action 
of Whole Blood, J Immunol 3 261 (July) 1918 
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and Staphylococcus auieus Typhoid suspension was a culture (Raw- 
ling’s) grown for twenty-four hours in nutrient bouillon at 37 5 C 

In applying the Lacy-Heist method to this laboratory culture, it 
was found that the coagulable blood of normal persons or rabbits would, 
in most instances, entirely prohibit the growth of this organism, even 
when the latter was used m undiluted form Furthermore, it also was 
found that the bactericidal titer varies considerably in the serum of each 
individual subject studied 

For these reasons, the approximate value of the serum of each 
individual subject was preliminarily estimated by setting up varying 
dilutions of serum with the standard typhoid suspension ( 10,000,000,000 
per cubic centimeter), using Wright’s many stemmed pipet method 
After twenty-four hours’ incubation, the lowest serum which showed no 
inhibition of bacterial growth was taken as the fiducial serum dilution, 
like which, for the regular comparative tests, all those specimens taken 
from one particular individual subject were prepared 

Each of these three serum dilutions was then set up with the fhe 
varying sterngths of the standard typhoid suspension (10,000,000,000 
per cubic centimeter), viz, undiluted, 1 5, 1 25, 1 125 and 1 625, 
following closely the technic as described by Lacy-Iieist for pneumo- 
coccus 

The bactericidal activity of the serum was measured by the strength 
of the bacterial suspension in which the growth was prohibited, and 
the comparative value of the bactericidal serum was expressed in 
terms of times of the weakest bacterial suspension used (1 625), which 
is designated as 1 Thus, if 1 125 is the lowest dilution in which the 
growth is found inhibited, the bactericidal value will be %25 divided 
by % 25 . which equals 5 

For Staphylococcus auieus, a suspension of 500,000,000 per cubic 
centimeter was used as standard from which undiluted, 1 5, 1 25, 
1 125 and 1 625 dilutions were prepared Coagulable blood was used, 
employing the Lacy-Heist method without modification The bacteri- 
cidal value was recorded as for typhoid bacillus 

Bactenotropic Titi ation — The method described by Evans, 9 as 
used in the Hygienic Laboratory, for standardizing the antimemngo- 
coccus serum, was employed in these tests for estimating the bacteno- 
tropic value of the serum in phagocytic activity of leukocytes for 
Staphylococcus aureus Bactenotropic serum was prepared in undi- 
luted, 1 5, 1 10 and 1 20 dilutions Staphylococci, which had been 
grown for twenty-four hours, were washed off from the agar slants 
and suspended m Locke’s solution (10,000,000,000 per cubic centi- 

9 Evans, A C The Tropin Reactions of Antimenmgococcus Serum, Bull 
Hyg Lab , U S P H S , No 124, p 43, (Nov ) 1920 
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meter) Living leukocytes were secuied inti apleurally from a rabbit 
which had been pieviously injected with aleuronat emulsion (starch, 
3 gm , aleuronat, 5 gm, and ordinary bioth, 100 cc ) After being 
thoroughly washed with warm citrate solution and Locke’s solution, 
the leukocytes were suspended in Locke’s solution also Serum dilu- 
tions, bacterial suspensions and leukocytic suspensions were all used in 
0 2 c c amounts each 

Bacterial suspension and seium dilution were first mixed and incu- 
bated m a watei bath (37 5 C ) foi forty-five minutes The leukocytic 
suspension was then added, and it was remcubated for another foity- 
five minutes The smears were then quickly made from each tube and 
stained A leukocyte control which carried in it leukocytic suspension 
and bacterial suspension and saline solution also was included 

The highest serum dilution with which more than 32 per cent of the 
leukocytes showed active phagocytosis was read as titer for the serum 
The latter was lecoided in teims of its titer dilution only when the 
number of phagocytic leukocytes counted exceeded at least twice those 
observed from the leukocyte control tube due to spontaneous 
phagocytosis 

Titiation of Antisheep Cell Seium Hemolysin — The hemolytic sys- 
tem consisted of 1 c c of 1 20 guinea-pig complement, 1 c c of 2 per 
cent sheep cell suspension and a dose of inactivated seium vaiymg fiom 
02cc,04cc,tol2cc The one-houi incubation method in a water 
bath was employed The smallest amount of serum dilution which 
brought about complete hemolysis was taken as the hemolytic unit of the 
serum, and the relative value was recoided in terms of number of 
units per cubic centmietei of serum tested 

Titiation of Antisheep Cell Semin Complement — For these tests, 
a permanent standard solution of antisheep hemolysin, with its unit 
previously determined by titiatmg it against 1 cc of 2 per cent sheep 
cell suspension and 1 c c of 1 20 guinea-pig complement, was used 
throughout 

Natural antisheep hemolysin, which might be piesent in the seiums 
tested, was first absorbed and removed by mixing 2 parts of the 
unheated serum with 8 paits of 2 5 per cent sheep cell suspension at 
0 C for fifteen minutes, and the supernatant serum dilution, which was 
then 1 5, secured by centi legalization 

The hemolytic system for complement titration consisted then of 
2 units of standard hemolysin, 1 c c of 2 per cent sheep cell suspension 
and a dose of antisheep cell hemolysin- free serum dilution (1 5), vary- 
ing from 02cc,04cc,tol6cc 
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The smallest amount of serum dilution which causes complete 
hemolysis after one hour’s incubation is designated as the complement 
unit of the serum, and the relative value is recorded m terms of the 
number of units per cubic centimter of serum 

Table 1 — Influence of Famous Agents on Bactericidal Activity of Serums 
of Normal Human Being and Rabbit 


Results Obtained with Results Obtained with 
B Typhosus Staphylococcus Aureus 

i » — 



r 

Times Examinations 

Rab- Human Aver- 

,, 

Mean 

Aver- 

r 

Rab- 

Human 

Mean 
Aver- Aver 

Agents 

Were Made 

bit 

Bemg 

age 

age* 

bit 

Bemg 

age 

age* 

Distilled water 

Before injection 

15 0 

50 

10 0 

500 

05 

50 

28 

500 

4 hours after injection 

25 

05 

1 5 

44 5 

0 5 

50 

28 

500 


24 hours after injection 

75 0 

50 

40 0 

800 

13 0 

10 

70 

M2 

Autoserum 

Before injection 

25 

50 

37 

500 

25 0 

10 

13 0 

500 

4 hours after injection 

250 

10 

13 0 

59 3 

30 

10 

20 

390 


24 hours after injection 

30 0 

250 

27 5 

733 

250 

25 0 

23 0 

62 0 

Horse serum 

Before injection 

40 0 

250 

32 5 

500 

o 0 

5 0 

50 

500 


4 hours after injection 

45 0 

50 

25 0 

42 5 

2 5 

1 0 

18 

46 8 


24 hours after injection 

400 

250 

325 

500 

43 0 

25 0 

340 

79 0 

Certified milk 

Before injection 

10 0 

50 

75 

500 

1 0 

5 0 

30 

500 


4 hours after injection 

500 

10 

255 

6S0 

50 

1 0 

30 

500 


24 hours after injection 

10 0 

250 

17 5 

COO 

10 

250 

13 0 

COO 

Market milk 

Before injection 

50 

50 

50 

500 

10 

10 

10 

500 


4 hours after injection 

SO 

25 0 

16 5 

61 5 

13 0 

18 3 

15 7 

64 7 


24 hours after injection 

5S0 

250 

S3 0 

12S0 

50 

50 

50 

54 0 

Crotalm 

Before injection 

C30 

50 

74 0 

50 0 

780 

50 

415 

500 


4 hours after injection 

13 0 

250 

19 0 

35 0 

75 0 

50 

40 0 

4S 5 


24 hours after injection 

125 0 

25 0 

75 0 

910 

800 

15 0 

47 5 

560 

Peptone 

Before injection 

25 

60 

38 

50 0 

630 

5 0 

34 0 

50 0 


4 hours after injection 

05 

10 

08 

47 0 

13 0 

5 0 

90 

250 


24 hours after injection 

30 

50 

40 

502 

75 0 

250 

500 

660 

Typhoid vaccine 

Before injection 

12 0 

50 

85 

500 

10 

10 

10 

50 0 


4 hours after injection 

15 0 

50 

10 0 

515 

10 

25 0 

ISO 

62.0 


24 hours after injection 

125 0 

25 0 

75 0 

116 5 

15 0 

250 

200 

69 0 

Control 

First examination 

30 

50 

40 

500 

30 

1 0 

20 

500 


Second examination 

30 

50 

40 

500 

30 

1 0 

20 

500 


Third examination 

250 

5 0 

15 0 

610 

12 5 

50 

90 

57 0 


* The value of bactericidal serums taken before administration is arbitrarily set at 50, 
the increase or decrease in value of those taken four hours and twenty four hours after is 
thus added or subtracted therefrom 


RESULTS 

The results of these experiments and the composite results obtained 
from both human subjects and rabbits are given in Tables 1, 2 and 3 
Their relative values are expressed in Charts 1, 2, 3 and 4 The study 
may be summarized as follows 

Influence on Bactericidal Powei of Semin for Bacillus Typhosus — 
Apparently all the agents used influence, to some extent, the bactericidal 
titer withm twenty-four hours after the administration It depends, m 
the first place, on the nature of the protein agent used The steady 
increase of serum titer, after the injections of typhoid vaccine and market 
milk that is rich in bacterial content, seems to indicate the great potency of 
some proteins of bacterial origin in producing the nonspecific resistance 
against typhoid infection Secondly, the bactericidal serum titer is also 
undoubtedly influenced by the mere drawing of blood from the animal 
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and the trauma lesultmg therefrom, which acts m the same way as a 
mild f 01 m of nonspecific piotem agent, as evidenced by the results 
obtained fiom human and labbit conti ols Lastly, no two animals react 
alike, allowances have to be given, of couise, to individual diffeiences 
(Table 1, Chaitl) 

Influences on Bactcucidcil Poxoa of Seimn foi Staphylococcus 
Au)eus — The same lesults as those with B typhosus are obseived so 
far as the greater potency of bacterial piotems and the phenomena of 
venesection reactions aie concerned The individual variations are 



Chart 1 — Composite results of influence of various agents on bactericidal 
activity of serums of human being and rabbit for Bacillus typhosus 


probably the explanation for the results observed in those tieated with 
horse serum and peptone (Table 1, Chait 2) 

Influence on the Bactenoti opic Content of Sawn in Phagocytic 
Activity fo ) Staphylococcus Aweus — The opsonin titer which shows 
decided mciease, as obseived four hours after injection, m those 
treated with peptone, market milk and typhoid vaccine, has the tendency 
to lesume its usual, or noimal, opsonin level m about twenty-four 
hours aftei administration, while, on the conti ary, decided drops of 
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titer, persisting for more than twenty-four hours, are seen in those 
treated with autoserum, crotalm and certified milk Apparently, there is 
a decided increase of opsonin content m the serum sometimes within 
the period of four hours after the administration of any of the agents 
studied After the maximum of this transient rise of opsonin titer has 
been reached, it quickly comes down to normal or even to subnormal, 
m about twenty-four hours after the treatment (Table 2, Chart 3) 



Chart 2 Composite results of influence of various agents on bactericidal 
activity of serums of human being and rabbit for Staphylococcus aniens 


Influence on Antisheep Hemolysin and Antisheep Hemolytic Comple- 
ment The effect of protein treatment on the antisheep hemolysin con- 
tent of serum is very slight, if any, as shown m these experiments 
Not infrequently, the normal serums, either human or rabbit, were found 
to be practically free from the natural antisheep hemolysin, by the 
method employed The fluctuation of complement content, however, is 
decidedly noticeable and after a fairly constant manner Apparently, 
the introduction of one dose of foreign protein has called for the 
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Table 2 — Influence of Vat ions Agents on the Set tun Bactcnoti opm in Phago- 
cytic Activity foi Staphylococcus Aw eus 


Agents 

Times Examinations 
Were Made 

Babbit 

Human 

Being 

Average 

Mean 

Average* 

Distilled v ater 

Before injection 

15 0 

10 0 

12 5 

10 0 


4 hours after injection 

30 

200 

11 5 

90 


24 hours after injection 

10 0 

20 0 

15 0 

12 5 

Autoserum 

Before injection 

75 

20 0 

13 8 

10 0 


4 hours nfter injection 

30 

20 0 

11 5 

77 


24 hours after injection 

25 

14 0 

80 

42 

Horse serum 

Before injection 

1 0 

20 0 

10 5 

10 0 


4 hours after injection 

75 

10 0 

90 

8 5 


24 hours after injection 

30 

20 0 

115 

110 

Certified milk 

Before injection 

1 0 

10 0 

55 

10 0 


4 hours nfter injection 

7 5 

10 0 

90 

13 5 


24 hours after injection 

5 0 

20 0 

12 5 

70 

Market milk 

Before injection 

30 

10 0 

65 

10 0 


4 hours after injection 

70 

20 0 

13 5 

17 0 


24 hours after injection 

10 0 

10 0 

10 0 

13 5 

Crotalin 

Before injection 

120 

10 0 

11 0 

10 0 


4 hours after injection 

17 0 

50 

no 

10 0 


24 hours after injection 

60 

50 

55 

4 5 

Peptone 

Before injection 

30 

50 

40 

10 0 

4 hours after injection 

12 5 

10 0 

11 5 

17 5 


24 hours after injection 

55 

10 0 

80 

14 0 

Tjphoid vaccine 

Before injection 

5 0 

50 

50 

10 0 

4 hours nfter injection 

40 

10 0 

70 

12 5 


24 hours after injection 

50 

10 0 

7 5 

12 5 

Control 

First examination 

12 5 

75 

10 0 

10 0 


Second examination 

12 0 

15 0 

13 5 

13 5 


Third examination 

13 2 

10 0 

11 6 

116 


* The bncteriotropic value of the serums taken before administration is arbitrarily set 
at 10, the increase or decrease in value of those examined four hours and twenty-four hours 
after is thus added or subtracted therefrom 


Table 3 — Influence of Vauous Agents on Serum Hemolysin Content and Setum 
Complement Content m Hemolytic Activity foi Sheep Eiythrocytes 


Serum Hemolysin Serum Complement 

k . - a - - 







Mean 




Mean 


Times Examinations 

Rab- Human Aver- 

Aver- 

Rab- Human Aver- 

Aver- 

Agents 

Were Made 

bit 

Being 

age 

age* 

bit 

Being 

age 

age* 

Distilled water 

Before injection 

50 

25 

38 

50 

20 

1 4 

17 

50 


4 hours after injection 

50 

25 

38 

50 

17 

11 

14 

47 


24 hours after injection 

50 

2.5 

38 

50 

20 

13 

165 

4 95 

Autoserum 

Before Injection 

50 


25 

50 

10 

1 3 

1 15 

50 


4 hours after injection 

50 


25 

50 

1 0 

1 3 

115 

50 


24 hours after injection 

35 


1 8 

43 

1 X 

17 

1 4 

525 

Horse serum 

Before injection 

10 


05 

50 

1 1 

1 3 

1 2 

50 


4 hours after injection 

10 


05 

50 

1 1 

1 3 

1 2 

50 


24 hours after injection 

1 0 


05 

50 

1 3 

17 

1 5 

53 

Certified milk 

Before injection 

25 

25 

25 

50 

13 

1 3 

1 3 

50 


4 hours after injection 

22 

25 

24 

49 

1 3 

13 

1 3 

50 


24 hours after injection 

2.5 

25 

25 

50 

1 4 

14 

14 

51 

Market milk 

Before injection 

33 

25 

29 

50 

1 0 

1 4 

12 

50 


4 hours after injection 

30 

2.5 

28 

49 

08 

1 3 

1 05 

4 9 


24 hours after injection 

3 3 

2 5 

29 

50 

10 

1 4 

1 2 

50 

Crotalin 

Before injection 

20 


1 0 

50 

20 

1 0 

1 5 

50 


4 hours after injection 

2.0 


1 0 

50 

17 

OS 

1 25 

4 75 


24 hours after injection 

20 


1 0 

50 

20 

10 

1 5 

50 

Peptone 

Before injection 

10 

1 0 

10 

50 

1 1 

11 

11 

50 


4 hours after injection 

1 0 

1 0 

10 

50 

1 0 

08 

09 

48 


24 hours nfter injection 

1 0 

1 0 

10 

50 

1 1 

1 0 

1 05 

4 95 

Typhoid vaccine 

Before injection 

05 

20 

1 3 

50 

13 

11 

1 2 

50 


4 hours after injection 

05 

20 

1 3 

50 

11 

1 1 

1 1 

49 


24 hours after injection 

05 

20 

1 3 

50 

1 3 

1 3 

1 3 

5 1 

Control 

Pirst examination 

20 

05 

1 3 

50 

1 3 

08 

105 

50 


Second examination 

20 

05 

1 3 

50 

13 

08 

1 05 

50 


Third examination 

20 

05 

13 

50 

16 

08 

12 

515 


* The serum titer of the serums examined before administration is arbitrarily set at 
5 umts per cubic centimeter, the increase or decrease at two subsequent examinations is 
thus added or subtracted therefrom 
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sacrifice of the nonspecific serum complement during a period of about 
four hours directly after the administration, as evidenced by the decided 
drop of antisheep hemolytic content of serum, shown m these experi- 
ments The complement titer is thence gradually recovered to its 
original amount, or slightly m excess, m about twenty-four hours 



1 Natural serum antibodies, including bacteriolysm for B typhosus 
and Staphylococcus aw eus, bactenotropin for Staphylococcus aw eus 
m phagocytic activity, and antisheep hemolytic complement, but not 
antisheep hemolysin, are either mobilized or caused to be “shed” from the 
organism to some extent, within twenty-four hours, by an injection of 
any of the following agents distilled water, autoserum, horse serum, 
certified milk, market milk, crotahn, peptone and typhoid vaccine 

2 Bacterial proteins as represented by typhoid vaccine and market 
milk that is rich m bacteria, are found to be the most efficient agents for 
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producing a more decided and peisistent increase of bactenolysin against 
B typhosus and Staphylococcus aniens 

3. Peptone and high bactenal count maiket milk cause an increase 
of opsonic index in phagocjtic activity against Staphylococcus ameus 
to the highest degree 

4 Various agents have no effect on the serum content of natural 
antisheep hemolysin 



Chart 4 — Composite results of influence of various nonspecific protein agents 
on serum complement m antisheep erythrocyte hemolytic activity 


5 In general, antisheep hemolytic complement content of serum is 
reduced after piotem tieatment, and the l eduction persists for more 
than twenty-foui houis, its greatest deciease being sometime between 
injection and about four houis after, while its tecovery to normal or 
even to slightly above noimal level, as is found, m this case, in the 
serum under the influence of horse serum and autoserum, is about 
twenty-foui houis after the administration 

6 Bleeding the animal and the slight tiauma lesultmg therefrom 
also will act as a mild form of nonspecific protein agent, which will 
likewise cause the nonspecific response 





THE MECHANISM OF REACTION OF NONSPECIFIC 
PROTEIN AGENTS IN THE TREATMENT 
OF DISEASE 

III THE INFLUENCE OF VARIOUS AGENTS ON THE MOBILIZATION 

OF BLOOD ENZYMES IN NORMAL PERSONS AND IN RABBITS * 

CHINGSON Y LING, MD 

PHILADELPHIA 

In the blood stream, several proteolytic enzymes are known to occur 
These include at least two leukoproteases which are capable of splitting 
native proteins largely to the proteose stage, and an erepsin-hke enzyme 
freely hydrolyzing proteins from the intermediate stages (albumose and 
peptone) to the amino-acid forms These enzymes seem to be derived 
from the disintegrating but not from living polymorphonuclear leuko- 
cytes, and fluctuations in the peripheral leukocyte count are not indicative 
of the relative titer of the enzyme concentration 1 

Apart from leukocytes as the chief sources of proteolytic enzymes 
present in normal blood, small amounts of various digestive enzymes 
may be derived from gastro-intestmal tracts, the laige abdominal organs 
and from areas altered pathologically if at all They enter the blood 
stream possibly by way of the lymph current These include a tryptase 
or protease, a polyvalent trypsin-like ferment capable of splitting native 
proteins all the way down to their lowest split products, if the anti- 
ferments are removed, a serum ereptase or peptidase hydrolyzing partly 
digested proteins to ammo-acids and a lipase that splits the fats That 
serum contents of these enzymes are readily influenced by diet has been 
shown by Joblmg, Petersen and Eggstem 2 

In normal blood, these enzymes are present m small amounts, but 
when foreign proteins are introduced into the system, enzyme activities 
are found to be excessively increased Foreign protein may be m the 
form of living bacteria, as in the case of infection, invading, as they do, 
the system It may be in the form of vaccines, toxins or serums, as 
those are used in immunologic inoculations and in protein therapy These 
excessive enzymes are either elaborated by body cells as a defensive 
response to the protein stimuli or derived from gastro-intestmal tracts, 

k From the Department of Bacteriology and Immunology, Graduate School 
of Medicine of the University of Pennsylvania 

1 Petersen, W F The Ferment-Antiferment Balance and Its Relation 
to Therapeusis, Arch Int Med 20 515 (Oct) 1917 Hedin, S G Ueber 
proteolytische Enzyme 1 m Harn, Ztschr f physiol Chem 112 252, 1921 

2 Jobling, J W , Petersen, W F, and Eggstem, A A Serum Ferment 
and Antiferment After Feeding, J Exper Med 22 129, 1915 
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owing to accelerated lymph flow accompanying the protein shock, or they 
may be derived from both 3 The fact cannot be entirely established at 
present 

These blood ferments, from whatever sources they may be, must have 
played an important role in aiding to digest, destroy and finally to 
eliminate entirely from the system the noxious materials 

Proteins are known to be more or less toxic only when they are 
belonging to or have been hydrolyzed to a certain split stage Various 
peptones are supposed to be most toxic to the system Vaughan’s belief 
that bacterial intoxication was due to enzyme digestion of infective 
materials was based on this On the other hand, if the enzymes, with 
which we are richly supplied, are capable of splitting toxic materials 
further on to nontoxic stages, toxins deliberated would thus be detoxi- 
cated as fast as they are formed The disease foci are thus gradually and 
favorably influenced in this way, and without leading the patient to a 
state of undesired intoxication In connection with this, Petersen and 
Short, in studying pneumonia that terminates by crisis or by lysis, 
were able to observe mvariabfy an increase of ereptase titer m the 
blood, either preceding or accompanying the clinical changes 4 

Had these facts been established, our success in using nonspecific 
proteins in the treatment of infectious diseases would depend on the 
right kind of agents, which would bring about an increase of various 
blood enzymes and in their desired proportions 

By using normal persons and normal rabbits, free from any 
detectable disease foci, by taking precautions to avoid the possible effect 
of diet, and by employing the commonly recognized dosage, a favorable 
approach is offered to the study of the potencies of various protein 
agents used to produce an increase in blood enzyme activities 

PURPOSE OF INVESTIGATION 

Comparative studies of the influence of various nonspecific protein 
agents (given below) on the thermoregulatory center and the mobiliza- 
tion of blood leukocytes and antibodies m normal persons and rabbits 
were given in two previous papers 5 The influence of the same agents 
on the enzyme activities of blood m normal persons and rabbits is to 
be summarized m this paper 

3 Jobling, J W , Petersen, W F , and Eggstein, A A The Mechanism of 
Anaphylactic Shock, Studies on Ferment Action, J Exper Med 22 401, 1915 

4 Petersen, W F, and Short, C A On the Relation of the Serum Erep- 
tase (Peptidase) Titer to the Clinical Course in Pneumonia, J Infect Dis 
22 142 (Feb ) 1918 

5 Ling, C Y The Mechanism of Reaction of Nonspecific Protein Agents 
m the Treatment of Disease I Influence of Various Agents on Temperature, 
Arch Int Med 35 598 (May 15) 1925 II Influence of Various Agents on 
Mobilization of Blood Antibodies, ibid , this issue 
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NONSPECIFIC AGENTS AND DOSAGE 

Eight agents and the doses used were the same as used m the 
previous experiments They may be recapitulated as follows 

1 Sterile distilled water 0 1 c c per kilogram of weight for human 
being , 1 c c per kilogram of weight for rabbit, given intravenously 

2 Autoserum 0 5 c c per kilogram of weight for human being and 
rabbit, given intravenously 

3 Sterile horse serum 0 2 c c per kilogram of weight for human 
being and rabbit, given intravenously 

4 Ceitified milk with a bacterial count of from 7,000 to 10,000, 
boiled for ten minutes 0 2 c c per kilogram of weight for human being 
and rabbit, given intramuscularly 

5 Market milk, with a bacterial count of fiom 300,000 to 400,000, 
boiled for ten minutes 0 2 c c per kilogram of weight for human being 
and rabbit, given intramuscularly 

6 Crotahn % 5 000 gram per kilogiam of weight for human being 
and y 3 ooo gram per kilogram of weight for rabbit, dissolved in saline 
solution and given hypodermically The material was supplied by 
Dr Spangler of Philadelphia 

7 Peptone, a 1 per cent solution in physiologic sodium chlorid 
solution, autoclaved for twenty minutes 0 02 c c per lalogiam of weight 
for human being and rabbit, given intravenously 

8 Typhoid vaccine, consisting of 100,000,000 heat killed organisms 
suspended m saline solution 0 2 c c per kilogiam of weight for human 
being and rabbit, given intravenously 

ENZYMES STUDIED 

To a\oid the possible effect of diet on the fluctuation of blood 
enzymes, all examinations were made in the morning before food was 
given Untreated individuals used for controls w ere examined in the 
same way Three blood specimens were taken, before, four hours 
after, and twenty-four hours after treatment Each serum obtained 
was subjected to the following enzyme determinations 

1 Degree of the proteolytic activity of serum, m digesting its own 
native proteins present m the serum 

2 Degree of the peptolytic activity of serum m digesting a given 
amount of peptone solution 

3 Degree of lipolytic activity of serum in digesting a given amount 
of ethyl butyrate 
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TECHNIC 

Piotcolytic Technic — The technic employed m these enzyme tests 
was principally that described by Petersen The method employed for 
studying the proteolytic activity is briefly as follows 1 5 c c of hemo- 
globin free serum and 3 c c of chloroform were thoroughly mixed in a 
graduated test tube (3 cm in diameter) Chloroform was added here to 
hold m check the serum anti-enzyme action A control tube that carried 
m it 1 5 c c of serum, with 2 di ops of toluene added as preservative, 
was inactivated at 60 C for thirty minutes This control tube and the 
sample tube were incubated at 37 5 C for forty-eight hours, tubes being 
shaken at regular intervals One cubic centimeter of a mixture of 10 per 
cent acetic acid plus 20 per cent sodium chlorid solution was then 
added to each tube To remove the chloroform, the tube was gently 
heated in a water bath When the chloroform was entirely evaporated 
from the sample tube, 4 c c of water was added to each tube, and the 
temperature was raised to the boiling point, and, kept at such for ten 
minutes When cooled, sufficient water was added to make up a total 
•volume of 15 cc Coagulable proteins were filtered off Ten cubic 
centimeteis of filtiate, equivalent to 1 c c of serum, was then secured 
The total nitrogen content was determined according to Kjeldahl’s 
method The difference in milhgiams of uncoagulable nitrogen between 
100 c c of sample serum and 100 c c of control serum expresses the 
proteolytic enzyme units 

Peptolytic Technic — In five test tubes, 1 c c of the following serum 
dilutions were prepared Undiluted, 1 2, 1 4, 1 8 and 1 16 To each 
tube, 1 c c of 4 per cent peptone solution and 1 c c of toluene were 
added They were then incubated at 37 5 C for eighteen hours 
Bromm water was then introduced into each tube, drop by drop, until 
the pink color appeared The reciprocal of the highest serum dilution 
that shows the pink color expresses the peptolytic enzyme units 

Lipolytic Technic — One cubic centimeter of serum, 1 c c of ethyl 
butyrate, 0 5 c c of toluene, and a sufficient amount of physiologic 
sodium chlorid solution to bring the total volume up to 10 c c were 
mixed thoroughly in a flask A serum control and a peptone control 
were also included The tubes were incubated at 37 C for four hours 
Twenty-five cubic centimeters of neutral alcohol was then added to 
each flask The acidity developed was titrated to faint pink with 
hundredth noimal sodium hydroxid, using phenolsulphonephthalem 
solution as indicator After the result obtained is deducted from the 
control, the number in cubic centimeters of hundredth normal sodium 
hydroxid, used to neutralize the acidity developed by 1 c c of serum 
from 1 cc of ethyl butyrate, expresses the lipolytic units 
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Table 1 — Influence of Vaiious Agents on Setttm Pioteolytic Enzymes 



Times Examinations 


Human 


Mean 

Agents 

Were Made 

Babbit 

Being 

Average 

Average* 

Distilled water 

Before injection 

35 

21 

28 

40 


4 hours after injection 

21 

07 

1 4 

26 


24 hours after injection 

63 

1 4 

39 

51 

Autoserum 

Before injection 

4 5 

35 

40 

40 


4 hours after injection 

1 4 

27 

21 

21 


24 hours after injection 

35 

24 

30 

30 

Horse serum 

Before injection 

1 4 

21 

1 8 

40 


4 hours after injection 

14 

35 

25 

47 


24 hours after injection 

11 

1 4 

13 

35 

Certified milk 

Before injection 

14 

14 

14 

40 

4 hours after injection 

1 4 

07 

1 1 

3 7 


24 hours after injection 

or 

28 

18 

44 

Market milk 

Before injection 

23 

28 

26 

4 0 


4 hours after injection 

37 

1 4 

26 

40 


24 hours after injection 

4 2 

28 

3 5 

4 9 

Crotahn 

Before injection 

14 0 

07 

74 

40 


4 hours after injection 

12 4 

08 

66 

32 


24 hours after injection 

141 

1 4 

78 

44 

Peptone 

Before injection 

34 

28 

31 

40 

4 hours after injection 

50 

56 

53 

62 


24 hours after injection 

28 

28 

28 

37 

Typhoid vaccine 

Before injection 

70 

1 4 

4 2 

40 

4 hours after injection 

5 6 

3 5 

46 

4 4 


24 hours after injection 

28 

07 

1 S 

16 

Control 

First examination 

28 

34 

31 

40 


Second examination 

20 

18 

19 

28 


Third examination 

30 

40 

35 

4 4 


* The proteolytic activity expressed in terms of units, obtained from the specimen taken 
before injection, is arbitrarily set at 4, the increase or decrease at tno subsequent examina 
tions is added to or subtracted from it 



Chart 1 — Composite results of influence of various agents on proteolytic 
enzymes in blood of human being and rabbit 
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RESULTS 

The composite results of these experiments are given in Tables 1 
and 2 and m Charts 1, 2 and 3 A brief survey of this study may be 
summarized as follows 

Influence on Pioteolytic Activities — The proteolytic enzymes acted 
well but slowly at 37 5 C , incubation for not less than forty-eight hours 
will insure better lesults Practically all the agents used influenced 
fluctuation of piotease content of blood some time between four and 
twenty-four houis after the injection Peptone induced a marked 
and an early response, while market milk and distilled water produced 
a slower but more persistent increase (Table 1 and Chart 1) 

Influence on Pcptolytic Activities — The relative values of peptolytic 
activities obtained by the method employed weie only approximately 
but not absolutely accurate, as inconsistent readings weie not infre- 
quently found to occur As a whole, however, they did definitely 
indicate a steady increase of peptidase titer in about, or more than, 
twenty-four hours aftei injection, while the initial depression was pro- 
longed to about foui hours aftei injection (Table 2 and Chart 2) 

Table 2 — Influence of Vaiions Agents Mobilisation of Pcptolytic and Lipolytic 

Enzymes (Human) 


Pcptolj tie Activity Lipolytic Activity 

1 A . 



Times Examinations 

r 

1 f 

Mean 


Mean 

Agents 

Were Made 

Units 

Average* 

Units 

Average 4 

Distilled water 

Before injection 

SO 

10 0 

no 

10 0 


4 hours after injection 

SO 

10 0 

90 

SO 


24 hours after injection 

12 0 

14 0 

10 0 

90 

Autoserum 

Before injection 

SO 

10 0 

11 0 

10 0 


4 hours after injection 

4 0 

GO 

80 

70 


24 hours after injection 

12 0 

14 0 

10 5 

95 

Horse serum 

Before injection 

SO 

10 0 

70 

10 0 


4 liouis after injection 

10 0 

12 0 

90 

12 0 


24 hours after injection 

14 0 

1G 0 

GO 

90 

Certified milk 

Before injection 

14 0 

10 0 

5 G 

10 0 


4 hours after injection 

14 0 

10 0 

GO 

10 4 


24 hours after injection 

20 0 

16 0 

65 

10 9 

Market milk 

Before injection 

14 0 

10 0 

GO 

10 0 


4 hours after injection 

16 0 

12 0 

GO 

10 0 


24 hours after injection 

20 0 

16 0 

70 

no 

Crotalin 

Before injection 

14 0 

10 0 

SO 

10 0 


4 hours after injection 

12 0 

so 

70 

90 


24 hours after injection 

20 0 

1G0 

70 

90 

Peptone 

Before injection 

ISO 

10 0 

GO 

10 0 


4 hours aftei injection 

14 0 

60 

50 

90 


24 hours after injection 

24 0 

1G0 

70 

11 0 

Typhoid vaccine 

Before injection 

SO 

10 0 

CO 

10 0 


4 hours after injection 

20 

4 0 

70 

11 0 


24 hours after injection 

14 0 

16 0 

50 

90 

Control 

First examination 

80 

10 0 

SO 

10 0 


Second examination 

GO 

80 

7 2 

92 


Thud examination 

10 0 

12 0 

82 

10 2 


* The peptolytic or lipolytic units obtained fiom specimens obtained before injection are 
arbitrarily set at 10, the increase or decrease at two subsequent examinations is added to or 
subtracted from it 




Chart 2 — Composite results of influence of various agents on peptolytic 
enzymes in blood of human being and rabbit 



Chart 3 - Composite results of influence of various agents on lipolytic 
enzymes in blood of human being 
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Influence on Lipolytic Activities — The influence of various agents 
on lipolytic enzymes was the same as on proteolytic ones as far as their 
inconsistency and irregularity were concerned Horse serum and typhoid 
vaccine induced a quicker lipase response in about four hours after 
administration, while slower but more persistent increases were found 
in those inoculated with market milk, certified milk and peptone solu- 
tion (Table 2 and Chart 3) 

conclusions 

1 Proteolytic, peptolytic and lipolytic serum titers of normal blood 
are readily influenced by an injection of the following protein agents 
distilled water, autoserum, horse serum, certified milk, market milk, 
crotalm, peptone and typhoid vaccine 

2 A sharp and quick response of proteolytic activity m the serum 
follows an injection of peptone solution, and of horse serum, while a 
steady and persistent increase follows an injection of any of the follow- 
ing agents market milk, distilled water and certified milk, named in 
the order of their potencies 

3 It seems that there is a steady increase of peptidase titer in the 
serum, approaching its maximum at about twenty-four hours after an 
injection of any of the agents used A decided drop of peptidase titer 
follows treatment with typhoid vaccine, autoserum and peptone, some 
time within four hours after treatment 

4 Horse serum and typhoid vaccine produce a sharp and quick 
response of increased lipolytic serum titer, but market milk, ceitified 
milk and peptone produce a steady increase of the serum lipase, per- 
sistent for more than twenty-four hours 

5 Bleeding the animal, and the slight trauma resulting therefiom, 
likewise influence a slight fluctuation of various enzyme contents of the 
blood 



HOURLY HEMOGLOBIN VARIATIONS IN 

ANEMIAS * 


EDWARD S MILLS, MD 

MONTREAL 

The variations that may occur in the percentage of hemoglobin in 
a normal man during the day have been shown to be considerable 1 
As much as 26 per cent has been reported m the course of two hour 
observations Numerous factors contribute to this phenomenon 

The question of variations not only m the percentage of hemo- 
globin but m the color index, red cell volume and plasma cell ratio 
over two hour periods has been investigated in a series of sixteen cases 
of anemia Of these, ten weie of the pernicious or addisoman type 
The blood was obtained by venipuncture at two hour intervals, begin- 
ning at 8 a m and teiminating at 6 p m On each specimen, a red 
cell enumeration, the hemoglobin percentage by oxygen capacity (Van 
Slyke) and Dare methods, and plasma cell ratio were determined 
From these data, not only the coloi index and the red cell volume, but 
also the size of the average cell and the amount of hemoglobin it car- 
ried, were readily calculated 

TECHNIC 

Collection of Blood — The patients weie not lestncted as to food oi 
fluids Eight cubic centimeters of blood was taken, at 8, 10 and 12 
a m , 2, 4 and 6 p m , by vena puncture Clotting was prevented by 
crystals of potassium oxalate All determinations were carried out by 
the same person 

Blood Counts — The average of four blood counts was taken The 
hemoglobin estimation was made (a) by the oxygen capacity method 
(Van Slyke), and (b) by a standardized Daie hemoglobinometer 
To take the plasma cell ratios, hematocnts weie made from glass tubing 
of equal bore These, after being filled with blood, weie centrifugated 
for thuty minutes at 3,000 revolutions per minute The proportion of 
plasma to cells was accurately measured by a millimeter rule 

Hemoglobin Variations — The largest individual vanation of the 
hemoglobin as estimated by the oxygen capacity method was 112 per 
cent In two cases it was over 7 per cent , but the aveiage of all six- 
teen cases was only 5 1 per cent Taking the secondaiy anemias alone, 
it was only 4 per cent This contrasts with those figures lecently pub- 

From the department of metabolism of the Montreal General Hospital 
1 Rabmowitch, I M , and Strean, G Hemoglobin Content of Red Blood 
Cells in Relation to Their Surface Area, Arch Int Med 34 124 (July) 1924 
Rabmowitch, I M J Lab Clin Med 9 120 (Nov ) 1923 
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lished for the normal men in which two cases showed variations of 26 
per cent, and four were between IS and 20 per cent, the average foi 
the series (twenty cases) being 12 4 per cent The percentage of hemo- 
globin, as recorded by the oxygen capacity method, was in all instances 
higher than that of the Date In one case, the maximum variation was 
plus 20 2 per cent , and in four cases between 15 and 20 per cent The 



average positive vanation for all cases was plus 13 per cent The 
Dare hemoglobinometei s chosen weie of the standaidized type used in 
the medical waids of this hospital 

This discrepancy emphasizes the need for a umfoim standard for 
hemoglobin estimation The more accurate method of Van Slyke seems 
to fit m better with the clinical conditions of the patient The coloi 
indexes as calculated by each method also are against the Dare In 
Case 1, unquestionably of the pernicious type, the color index would be 
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only 0 8 by the Dare method, but 1 5 by the Van Slyke method The 
same is true of Cases 3, 8 and 10 Table 1 shows a comparison of the 
indexes as calculated from both methods Table 2 records the observa- 
tions made on the hemoglobin, the maximum a ariations and the average 
red cell enumeration for each case 

Size and Hemoglobin of Red Blood Cell — The average size of the 
red blood cell was obtained by dividing the volume of cells per hun- 
dred cubic centimeters of blood (hematocrit) by the number of cells in 
the same volume (red cell enumeration) The amount of hemoglobin 
m grams per cell was found by dividing the hemoglobin per hundred 

Table 1 — Comparison of Indexes as Calculated by Oxygen Capacity and 

Dare Methods 
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cubic centimeters of blood by the number of cells, as in the former 
case The figures, obtained in both the primary and secondary types 
of anemia, correspond closely with those reported by Haden 2 The 
mean values for the average size of the cell were somewhat smaller, 
and for the grams of hemoglobin per cell a trifle greater, than those 
found by the same author Thus, the average size of the cell m the 
ten cases of pernicious type was 10 7 X 10 -11 Haden gives the average 
of twenty cases as 12 8 X 10’ 11 The average hemoglobin content of 
the cell was 44 X ICC 11 , as compared with 3 75 X 10' 11 (Haden) 
(Table 1) 


2 Haden, R L Acute Criteria for Differentiating Anemias. Arch Int 
Med 31 766 (May) 1923 
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Homly Vernations in Red Cells — In the more severe grades of 
anemia dealt with, the numerical values of the red cells showed much 
less tendency to vaiy than in the normal case The greatest variation 
noted was 501,000, but in only a few instances was it over a quarter 
million These were, howevei, sufficient to account for appreciable 
differences m the aveiage size of the cell Thus, in one case, Case 7, 



the average size of the cell, as detei mined at 8 a m , was 11 1 X 10" 11 , 
while, two hours later, it was 13 6 X lO" 11 , or a difference of 
2 5 X 10“ n , which means an increase of 18 per cent The average 
variations for the primary anemias was 1 69 X lO' 11 for the secondary 
0 88 X 10- 11 A similar and corresponding variation was noted m the 
grams of hemoglobin per cell (Table 3) As the average size of the 
cell increased, the amount of hemoglobin showed a similar rise This 
fact is well brought out by the parallelism of the curves of Charts 
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1 to 4, representing the factors m question As was to be expected, the 
larger the cell, the more hemoglobin it carried Reduced to unit vol- 
ume, however, the amount was fairly constant These figures, m 
themselves, are of paramount importance only m that they test the 
accuracy of the red cell enumerations, which, it must be admitted, is 
the one factor m which the personal equation is liable to enter most 



Were the variations artificial, no such parallelism would be obtained, 
because each curve is dependent on factors other than the red cell 
count 

RELATION OF HEMOGLOBIN TO CELL SURFACE IN ANEMIA 

Former experiments earned out m this laboratory on the non- 
anenuc patients tend to suggest that the hemoglobin is distributed on the 
surface of the erythrocyte and not, as is usually taught, within the cell 
itself They show that, when the total cell volume is constant, varia- 
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txons m the amount of hemoglobin m that volume, ox vice versa, can 
best be explained by assuming that the hemoglobin is distributed on the 
surface of the cell Thus, with an increase in the number of cells 
(smaller in size), the total volume remaining constant, there results 
an increased surface area (smaller cells), hence a corresponding 
increase m the hemoglobin earning capacity If this hypothesis is 
correct, it appears reasonable to assume that it should hold in anemia 
A demonstiation that such a law either does or does not obtain in 
cases of anemia would tend to strengthen 01 negate this hypothesis 

Table 3 — Two How Variations m Giants of Hemoglobin Pei Cell 
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Experiments on cases of anemia showing hourly variations m the num- 
bei, size and hemoglobin content of the red cell furnish data which, 
although not convincing in all instances from the point of view of this 
hypothesis, do support the lattei in the same proportion of cases In 
support of this conclusion, the graphic evidence m the accompanying 
charts is presented In the mam, Cases 15, 8, 12, 14, 10 and 1 favor, 
Cases 9, 7 , 2, 6, 5, 3, 4, 11, 13 and 14 present evidence to the con- 
trary In order to demonstrate that this is so, it is only necessary to 
consider the curves representing the average size of the led cell and 
the percentage of hemoglobin When the average size of the cell 
increases, it means that per unit volume there is less cell surface, and, if 
hemoglobin has a surface distribution, then when the curve lepresentmg 
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the average size of the led cell uses, that lepiesentmg the peicentage 
of hemoglobin should fall That this does occur is shown by the first 
group of cases The otheis show a leveise condition It may be seen 
at a glance that, in the case of the second group, the curve designating 
the peicentage of hemoglobin is roughly paiallel to that lepiesentmg the 
aveiage size of the cell, and the lattei is inveisely piopoitional to 
the cell suiface pei unit \olume 



CONCLUSIONS 

Hourly vaiiations in the peicentage of hemoglobin of the blood, 
which have been shown to occui in noimal persons, do take place m 
anemia, though to a less extent Hourly variations in the average size 
of the erythiocyte may be consideiable A definite relation between 
the percentage of hemoglobin and the cell suiface seems to exist m a 
certain peicentage of the cases 





THE ELECTROCARDIOGRAM AND BLOOD PRES- 
SURE DURING SURGICAL OPERATION AND 
CONVALESCENCE 
observations on thirty patients - 

B M MARVIN, MD, and R B PASTOR, MD 

NEW H WEN, CONN 

It is apparently the belief of many surgeons and internists that post- 
opeiative complications may be lessened or prevented by the preoper- 
ative administration of digitalis, even to patients whose hearts are 
appai ently normal 1 The present investigation was undertaken in an 
attempt to determine the influence of digitalis on certain objective factors 
during and after surgical operation, but, as no similar study has been 
found m previous reports, it seemed necessary to establish first a control 
group of nondigitalized patients for subsequent comparison with a similar 
group of patients who had received digitalis It is the nondigitalized 
group which foims the basis foi the present leport, the influence of 
digitalis is discussed m the following paper 

METHOD or STUDY 

It has been our purpose to secuie recoids of the blood pressure and 
electrocardiogiams at frequent intervals during the induction of anes- 
thesia and operation, and records of the blood pressure and clinical 
course dui mg ten or more days of convalescence Theie was no selec- 
tion of patients on the basis of age, sex or cardiac condition, but an 
effort was made to secure a wide variety of the more serious operative 
conditions The preoperative blood pressure was obtained, m most 
instances, at least twenty-four hours before opeiation, and patients with 
auriculai fibrillation or hypertension had several readings taken, in 
order that the usual range of variation might be determined The sub- 
jects were connected with the electrocardiograph and the blood pressure 
manometer in the anesthesia room before the anesthetic was started, and 
piehminary records were secured One observei remained in the oper- 
ating room from the beginning of anesthesia until the end of the 
operation to determine the blood pressures and to signal for electrocar- 
diograms He was seated within several feet of the patient so that f he 
effect of trauma, traction on the viscera, hemorrhage and depth of 

From the Department of Internal Medicine, Yale University School of 
Medicine, and the New Haven Hospital 

1 References may be found m Marvin, H M , Pastor, R B , and Carmichael, 
M Effect of Routine Preoperative Digitalization on the Electrocardiogram and 
Blood Pressure During Surgical Operation and Convalescence, Arch Int Med , 
this issue 
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anesthesia could be noted There was constant connection with the 
electrocardiographic laboratoiy through a special telephone and electric 
buzzer 

As a geneial lule, the blood pressure was detei mined every two and 
a half minutes, and at every second 01 third determination an electrocar- 
diogiam was taken simultaneously in lesponse to a signal Observations 
weie made moie frequently if unusual cn cumstances arose, and it was 
always possible to determine whether changes in blood pressure or heart 
late weie dependent on a new cardiac mechanism or some other factor 
Most electiocardiagiams weie of Lead II, but all three leads weie taken 
at the beginning, at intervals during, and at the conclusion of, the 
opeiation About 750 records were secuied fiom the thnty patients 
who wei e studied 

Postoperative obseivations began approximately six hours after the 
conclusion of the opeiation, and were made three times a day foi the 
hist four days, twice a day foi the next four days, then once a day until 
the patient was discharged or convalescence was well established These 
observations included the determination of the systolic and diastolic 
pressures and caieful notes as to the occurrence of nausea and vomiting, 
the rapidity of convalescence, the presence of complications, and the 
general clinical condition of the patient The total number of blood 
pressure readings, including those secured during operations, was more 
than 2,400, an average of about eighty for each patient Electrocar- 
diogiams weie taken during convalescence only when there was some 
indication for them 

The sphygmomanometers used were of the standaid mercury type 
the same two instiuments were used thioughout the study All deter- 
minations as well as all clinical notes, were made by the authors, whose 
readings coriesponded accurately The fourth phase was taken as the 
diastolic pressure in all cases, and m patients with auricular fibiillat’on 
the maximal beats weie taken as the systolic pressure Thirty patients 
were studied 

i 

BLOOD PRESSURE DURING OPERATION ’ 

It is notouously difficult to draw satisfactory conclusions as to the 
cause of moderate changes in blood pressure because of the multiplicity 
of factors involved, many of them but little understood It has seemed 
advisable to classify our results only m a general way, and the cases have 
been arbitiarily arianged m four gioups ( a ) Those in whom the blood 
pressure rose dui mg the induction of anesthesia and remained above die 
preoperative level during the entire opeiation, ( b ) those in whom 
the blood pressure, after a preliminary rise, fell and remained below the 
pieoperative level thioughout the operation, (c) those m whom the 
pressure fluctuated within wide limits, both above and below the pre- 
operative blood pressure, and ( d ) those in whom the blood pressure, 
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dunng opeiation, remained at the pieoperative level This same clas- 
sification has been applied to the postoperative blood pressures obtained 
aftei the first day, but those obtained at the end of six, eighteen, twenty- 
four and thirty hours after operation have been listed sepaiately for the 
sake of more accurate companson with our digitalized patients and with 
the obseivations of other authors 

It should be noted that, in this classification, blood pressures have 
been considered “above” or “below” the preoperative pressure only when 
the difference between them was greater than 4 mm of mercury If r he 
two pressures differed by 4 mm or less, it was considered that there had 
been no change We believe this difference to he within the limit of 
eiior of observation 

Almost without exception, theie was a rise in both systolic and 
diastolic pressures during the induction of geneial anesthesia, this lias 
been noted so often as to need no discussion If this elevation proved 
tiansient, as in many cases, it was disregarded for purposes of classifica- 
tion It also was noted that the blood pressure in many patients rose 
and fell directly with the depth of anesthesia, and that theie was almost 
always less fluctuation in pressure if the anesthesia was fairly deep 
The operative procedure itself seemed to have no influence on the blood 
piessure unless it involved obstruction to the respiration (operations 
on the throat and jaw) or was continued for four or five hours It was 
possible often to confirm the statement of Miller 2 that “the most severe 
surgical manipulations may regularly be performed without marked 
change m either the blood pressure or the pulse rate ” In a few patients, 
posture seemed to be responsible for changes in pressure , a change to 
the Trendelenburg position was occasionally followed promptly by a 
fall in blood pressure which was corrected when the table was again 
lowered , in a very few, a steadily falling blood pressure was apparently 
stopped fiom further depression by lowering the head of the table 

Apart from these general considerations, it is of interest to observe 
the relation of the operative to the preoperative blood pressures m the 
present senes One patient has been omitted because, at the tune of 
admission to the accident room, the systolic piessuie was so low as to be 
unobtainable Of the lemaming twenty -nine, the blood pressure during 
operation was constantly above the pieoperative level m thirteen, con- 
stantly below m thirteen, fluctuating above and below in two, and the 
same m one The distribution of these gioups with regard to the type 
of anesthesia is shown m Table 1 

Five patients developed “surgical shock” during opei ation In all of 
them the steady fall m blood pressuie was the first indication of danger, 

2 Miller, A H Blood Pressure Guides During Anesthesia and Opera- 
tion, Am J Surg (Anesthesia Supplement) 35 34 (April) 1921 
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and m two of them it pieceded othei evidences by a considerable period 
of time 

BLOOD PRESSURE DURING THE THIRTY HOURS AFTER 

OPERATION 

The figuies obtained dm mg the first thirty hours following operation 
aie pei haps of the greatest intei est Geist and Somberg 3 and Geist and 
Goldberger 4 have laid gi eat emphasis on a postoperative fall m blood 
pressure as an appaient cause of postopei ative complications Their 
observations m thirty-nme patients showed an average fall in blood 
pressure of 14 mm at six, twelve and twenty-four hours after operation 
They quote Polak 5 as also having shown an average fall of 14 2 mm in 
the blood piessure after operation, but Polak’s readings were made 
only one hour after the conclusion of the operation, and apply only to 
etherized patients Lehrnbecher 6 feels that the blood pressures imme- 
diately after opeiation is of little importance, but that those obtained 
in the evening and on the morning following are of considerable aid 
m prognosis 


Table 1 — Blood Piessmcs Dining Opeiation in Twenty-Nine Cases* 


Anesthesia 

Above 

Below 

Same Fluctuating 

Gas oxygen (nitrous o\ul) 

0 

S 

1 1 

Ether 

2 

4 


Procain 

4 

1 

1 

None 

1 




* As compared i\ith the preoperatne blood pressure 


The figures obtained in the present study fail to show a fall in the 
systolic blood pressure after operation m the majority of cases The 
records of four patients, Cases 16, 25, 28 and 30, were not included m 
the following analysis, one of them because the preoperative blood 
pressure could not be obtained, and the other three because they were m 
a condition of shock at the end of operation, and the blood pressure 
rose slowly throughout the following day Of the remaining twenty-six, 
there weie only eight (31 per cent ) whose blood pressure at the end 
of six hours was lower than the preoperative pressure, while at the end 

3 Geist, S H , and Somberg, J S Preoperative Digitalization A Method 
to Reduce Postoperative Complications, Am J Obst & Gynec 4 135 (Aug ) 
1922 

4 Geist, S H , and Goldberger, M A Effect of Preoperative Digitaliza- 
tion in Reducing Postoperative Complications, Ann Surg 78 693 (Dec ) 1923 

5 Polak, JO A Clinical Study m Preoperative and Postoperative Blood 
Pressures and Their Relation to Renal Function and an Shock and Hemorrhage, 
Am J Obst 80 113 (Aug) 1919 

6 Lehrnbecher, A Die theoretische Grundlage und praktische Amvendung 
der Blutdruckmessung bei chirurgischen Emgriffen, Beitr z klin Chir 127 
291, 1922 
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of eighteen hours the pi essure had 1 etui ned to or above the preoperative 
level m all except five ( 19 pei cent ) 

If the figures aie analyzed with legard to the relation of the post- 
opeiative pulse pressure to the pieoperative pulse pi essure, the results 
are slightly different but they point to a similar conclusion that rhe 
great majority of the patients during the thirty hours following opeia- 
tion have pulse pressures as great as, or greater than, before operation 
The number of patients who showed changes in the systolic and pulse 
piessures at intervals after opeiation is shown m Table 2 

The eight patients who showed a transient fall in blood pressure after 
operation (Cases 3, 12, 13, 20, 21, 22, 23 and 24) all had uneventful 
recoveries 

GENERAL POSTOPERATIVE BLOOD PRESSURES 

Under the term “getieial postopeiative blood pressures,” we have 
classified all those obtained after the first thirty hours following opera- 
tion , the readings begin, therefore, with the morning of the second day 
The figures obtained for each patient have been charted and the relation 

Table 2 — Blood Piessutes Dining tlic T kitty Hows Aftei Opeiation * 


Sjstohc Pressure Pulse Pressure 

A —A 



Above 

Belov 

Same 

Above 

Below 

Same 

6 hours alter operation 

11 

S 

7 

S 

9 

0 

18 hours after operation 

14 

5 

7 

10 

8 

8 

24 hours after operation 

13 

0 

6 

0 

S 

11 

30 hours after operation 

11 

3 

10 

7 

4 

13 


* As compared with the preoperative sjstolic and pulse pressures 

of the curve to the preopeiative level established Sharp deviations of 
the blood pressuie above or below the general level which were noted at 
onlv one observation have been disiegaided for pui poses of classifica- 
tion Two patients died within thiee days after operation, of the 
remaining twenty-eight whose courses weie followed foi periods of from 
eight to twenty days after operation, the blood pressure was constantly 
above the preoperative level in nine, constantly below in twelve, and 
the same in seven 

COMPLICATIONS 

There were postoperative complications in four patients, all of whom 
developed bronchopneumonia, one of them had erysipelas also Signs 
of pneumonia were detected in two patients on the second day after 
operation, m one on the third, and m one on the sixth In two instances 
(Cases 25 and 26), it followed operations on the jaw and pharynx 
which were attended by seveie trauma and undoubted inhalation of blood 
and mucus, m the other two (Cases 7 and 10), it occurred after upper 
abdominal operations m patients whose anesthetization was marked by 
unusual struggling and vomiting For the purpose of this study, it is 
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important to observe that, m thiee of these four patients, the blood pres- 
suie, during the thirty hours following operation, was at or above the 
preoperative level, while in the fouith, a patient who left the table in 
piofound shock, the pressuie rose subsequently almost to the level noted 
before operation Our findings, m this respect, differ from those of 
Geist and his collaborators, who observed pulmonary complications only 
in those patients who had shown a postoperative fall m blood pressure 

A summary of the thirty cases, with blood pressure changes during 
and aftei operation, is given in Table 3 

ELECTROCARDIOGRAPHIC STUDIES 

We have found only three references to the study of electrocardio- 
grams taken during or immediately following surgical operations In 
1918, Heard and Strauss 7 reported an instance of atno\ entncular 
lhythm occurring m a patient still under the influence of ether following 
operation Levine 8 later repoited two cases of paroxysmal auricular 
tachycardia detected by means of electrocardiograms m patients who 
had been operated on and were still undei ether The onty comprehen- 
sive study appears to be that of Lennox, Gra\es and Levine, 0 who 
secured fiequent records from fifty patients during operation These 
observers state in conclusion 

About one half of the cases showed some abnormality of the mechanism of 
the heart beat not present in preliminary tracings, the most prominent being 
paroxysmal auricular tachycardia, premature beats, and marked displacement of 
the cardiac pacemaker The observed abnormalities of the heart beat were 
transient and unassociated with clinical signs of embarrassed circulation In 
the main, they were of physiological rather than of clinical significance 

There is a striking similarity between the findings m our patients and 
those of the authois just quoted, as regards the percentage and character 
of electrocardiogi aphic changes Fifteen of our thirty cases (50 per 
cent ) showed some definite abnormality during operation which was not 
present m preliminary tracings S mo-auricular, or physiologic tachycar- 
dia has not been regarded as abnoimal, although several patients main- 
tained a rate distinctly above normal throughout operation The 
observed changes are discussed below 

/ Heard, J D , and Strauss, A E An Electrocardiographic Study of 
Two Cases of Nodal Rhythm Exhibiting R-P Intervals, Am J M Sc 75 238, 
1918 

8 Levine S A Acute Cardiac Upsets Occurring During or Following 
Surgical Operations, JAMA 75 796 (Sept 18) 1920 

9 Lennox, W G , Graves, R C , and Levine, S A An Electrocardio- 
graphic Study of Fifty Patients During Operation, Arch Int Med 30 57 (July) 
1922 
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SINUS ARRHYTHMIA AND BRADYCARDIA 

Only one patient exhibited sinus anhythmia, she was likewise the 
only one in whom biadycaidia was noted almost constantly She was 
54 years of age, and was considered to have definite arteriosclerotic 
heart disease with angina pectous The opeiation was resection of die 
left cervical sympathetic nerve, with lemoval of the superior cervical 
ganglion, it was perfoimed undei procain anesthesia The vagus md 
sympathetic ti unks lay unusually near each othei in this patient, and 
there was considerable vagal stimulation, some of it deliberate It is 
quite possible that the arrhythmia may have been a vagal effect 

PREMATURE BEATS 

Premature beats weie registered m seven patients, none of whom 
had shown such beats in the prehmmaiy tiacmgs 01 during physical 



Fig 1 (Case 26) — Lead II above, normal mechanism with rate of 80 a 
minute, below, paroxysmal tachycardia with rate of 142 a minute In this 
and the following electrocardiograms, distances between abscissas represent 10~ 4 
volts, and time is in one-fifth seconds 

examination In six of them, the ectopic beats aiose in the ventncles, 
m the seventh, the oiigm was in the junctional tissues Two of these 
patients were eldeily, with peripheral arteriosclerosis and evidences of 
arteriosclerotic heart disease , one of them had also auricular fibrillation 
No abnoimahty of the cardiovascular system was detected m the remain- 
ing five The premature beats occurred with greater frequency during 
the induction of anesthesia or the early pait of the operation, but m 
three patients they were recorded at intervals tlnoughout the operation 

INCREASE IN SIZE OF T WAVE 

In one patient there was a remarkable increase m the amplitude of 
the T wave m Lead II during the early part of the operation This 
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wave, which was upright at all times, became approximately twice as 
high as normal without alterations in any other deflections It returned 
to its previous size befoie the operation had been finished 

PAROXYSMAL TACHYCARDIA 

There were two instances of paroxysmal tachycardia , in one patient 
the arrhythmia was noted in only one lecord, but, in the other, the 
paioxysms occurred throughout the period of operation They were 
unaccompanied by signs of circulatoiy embarrassment It is of some 
interest to note that both these patients received ether through a nasal 
tube introduced into the phaiynx The electrocardiogiams of Case 26 
are shown m Figure 1 

A third patient duiing operation showed short runs of ventricular 
premature beats which might strictly be interpreted as parox}sms of 
ventricular tachycaidia, but these occurred at a time when the heart was 
being handled by the surgeon, who was removing blood from the peri- 



Fig 2 (Case 16) — Lead II series of ectopic ventricular beats which occurred 
during handling of heart, first complex in record is a normal one with the T 
wave slightly distorted 

cardial sac While the mechanical stimulation of the heai t was doubtless 
responsible for the series of ectopic beats, lllustiated m Figure 2, isolated 
premature beats were legistered before the pericardium was opened, so 
the case has been listed with that group 

DISPLACEMENT OF THE PACEMAKER 

The most frequent abnormality in our records was a conspicuous 
change m the P wave, which occurred m seven patients (23 per cent ) 
This is in accord with the observations of Lennox, Graves and Levine, 
who found such changes in 30 per cent of their patients during opera- 
tion In the present study, the changes were of only two types (1) a 
complete disappearance of the P wave, which apparently became buried 
in the Q-R-S complex, and (2) the appearance of an inverted P wave 
following the Q-R-S complex Seven patients showed the first type, 
one of them m addition showed the second 
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It seems fairly clear that a majouty, if not all, of such changes 
lepiesent a displacement of the pacemaker downward, usually into the 
aui lculoventi lcular node, but Levine 0 has cleaily pointed out the diffi- 
culties which he m the way of that assumption, and has emphasized the 
lack of agreement as to the catena by which aui lculoventriculai rhythm 
is to be diagnosed fiom electrocaidiogiams We have followed his 



Fig 3 (Case 21) — Lead II above, normal mechanism, below, displacement 
of pacemaker Absence of P waves in lower record should be noted 



Fig 4 — A, Lead II, normal mechanism, B, Lead III, taken a few seconds 
later, showing the gradual merging of the P Wave with the Q-R-S group, 
C and D, Lead II taken at intervals of about three minutes, showing different 
types of displacement of the pacemaker A and B were made before induction 
of anesthesia, C and D during induction 


example in referring to this gioup as simply “displacement” of the 
pacemaker Figure 3 shows the change which chaiactenzed the recoid 
of six patients , they were so umfoim that only one has been leproduced 
In Figure 4, there is clearly shown the two different mechanisms which 
controlled the heart in Case 23 The poition of this figure labelled B 
was taken a few seconds after A, and shows the gradual shortening of 
the P-R interval until the P wave is lost in the Q-R-S group About 
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three minutes elapsed befoie C was taken, and an equal interval between 
C and D, both of which are of Lead II In the former of these, no P 
waves are visible, m the latter, the mveited waves immediately following 
the O-R-S complex are thought to be retrograde auricular waves Every 
tracing secured during operation from this patient showed the mechanism 
illustrated in C or D, but an electrocardiogram taken several days later 
showed normal mechanism 

It should be pointed out that the displacement of the pacemaker m 
this case occurred before anesthesia had been stai ted , the first two rec- 
ords in Figure 4 were taken while the patient was m the anesthesia room 
awaiting the ai rival of the surgeon This was the only instance in which 
a transient abnormality was noted m the piehminary tracings, but it 
affords further evidence of the ease with which the pacemaker may be 
disturbed The presence of rheumatic heart disease with mitral stenosis 
and insufficiency may have had some bearing on the early appearance 
and long duration of the arrhythmia m this case 

No one factor has been discovered which might be of importance m 
causing this change in the electrocardiogram Of the patients manifest- 
ing it about half were below the age of 40, and half above, the sexes 
were almost equally represented , the changes occurred with both ether 
and nitious oxid-oxygen anesthesia, and the operations involved such 
diverse parts of the body as the uterus, stomach, jaw and brain The 
length of anesthesia varied from one hour and fifteen minutes to 
slightly more than five hours, but m no instance did a displacement of 
the pacemaker occur dui mg the latter part of a long operation 

RELATION OF ELECTROCARDIOGRAPHIC CHANGES 
TO BLOOD PRESSURE 

The determination of the blood pressure simultaneously with the 
registiation of the electrocardiogram has afforded an opportunity to 
study a possible relation between disturbed cardiac mechanism and 
changes m blood pressure We have failed to establish any such relation 
In several cases, there seemed to be a simultaneous change in blood 
pressure and electrocardiogram, but, m every instance, the change in 
pressure was maintained, while the electrocardiographic change was 
transient In many cases, the arrhythmia recurred, and m none was the 
blood pressure the same during the successive episodes 

A summaiy of the changes in blood pressure associated with varia- 
tions m the electrocardiogram is given m Table 4 When two blood 
pressures are given, they represent the readings taken simultaneously 
with the first and last electrocardiograms that displayed the abnormal 
mechanism 
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Table 4 — Elect) ocauhogiams and Blood Pi essui es 


Preopen tue Simultaneous 

Blood Blood 

Pressure Pressure 

, » > * 




r 

.A 


\ r 

- K 






S\s- 

Dias Abnormalities in 

Sys 

Dias 


Case Ago 

Cardiac Diagnosis 

tolic 

tolic 

Electrocardiograms 

tolic 

tolic 

Remarks 

1 

54 

Arteriosclerotic hcai t 

130 

78 

Sinus arrhythmia and 

150 

84 

Pulse slowed 



disease with 



bradycardia 



when working 



anginal failuro 



Junctional premature 

100 

84 

near \ ngus 






beats 



nerve 

3 

3S 

Normal 

110 

OS 

Displacement of pace- 

120 

80 







maker 









Ventricular premature 

140 

88 







beats 




4 

63 

Normal 

OS 

4S 

Ventricular premature 

100 

84 







beats 

134 

60 


S 

3S 

Syphilitic heart dis 

130 

3S 

Increase in size of T 

142 

48 




ease, aortic 



ware in Lead II 






insufllciencj 







10 

23 

Normal 

120 

7S 

Displacement of pace- 

142 

86 







maker 




16 

14 

Stab wound of heart 

45 

? 

Ectopic ventricular 

Unob 

Heart handled 






boats isolated and in 

tamable 

during parox 






short paroxysms 



isms 

17 

74 

Arteriosclerotic heart 

120 

S3 

Ectopic ventricular 

140 

90 




disease auricular 



beats 






fibrillation 







20 

50 

Normal 

145 

SO 

Displacement of pace- 

170 

100 







maker 




21 

23 

Normal 

118 

08 

Displacement of pace- 

100 

72 

Shock from hem 






maker 

110 

04 

orrliage 







110 

50 


22 

47 

Normal 

154 

80 

% cntrieular premature 

188 

104 







beats 




23 

37 

Rheumatic heart dis- 

132 

00 

Displacement of pace- 

152 

90 

Onset of auricu 



ease 



maker 

12S 

84 

loventricul ir 









rhythm before 









anesthesia 

25 

50 

Normal 

OS 

GO 

Displacement of pace- 

134 

74 

Marked traum l , 






maker 



shock 

20 

74 

Normal 

118 

GS 

Paroxjsmal tachy 

178 

90 







enrdia 









Ventricular premature 

130 

7S 







beats 




30 

43 

Normal 

120 

88 

Displacement of pace- 

104 

7S 

Shock 






maker 

144 

88 







Paioxysmal junctional 

180 

112 



tachycardia 


RELATION OF CHANGES TO CARDIAC PATHOLOGY 

Six patients in this series had definite signs of heart disease In two 
of them, the etiology was lheumatic infection, in two it was syphilitic, 
and m two the changes were apparently ai tenosclerotic in origin 
Anginal heaU failure was piesent m two patients, but none showed evi- 
dences of congestive failuie Fiona the standpoint of blood pressuie 
changes and clinical course, these patients withstood operation as well as 
any normal individual Four of them, it is true, showed electiocardio- 
graphic changes during operation, but in one they weie probably due to 
dnect vagal stimulation If that minor change be disregarded, the 
percentage of electrocardiographic changes m the cardiac patients 
becomes practically the same as that m normal pei sons 

SIGNIFICANCE Or ELECTROCARDIOGRAPHIC CHANGES 

Of the foui patients who developed surgical shock, three showed a 
displacement of the pacemakei in electi ocai diograms But in these three 
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the electrocai diographic change was transient and had disappeared long 
before signs of shock appeared, m all of them, moieover, there was an 
adequate apparent cause for the shock quite apait from a minoi change 
m the caidiac mechanism In one, there was pi of use hemorrhage, m 
another, the opeiation on the brain lasted five hours, and in the thud 
theie was piolonged and extensive cauterization of the jaw, neck and 
pharynx in a patient whose anesthetization was difficult and very unsatis- 
factory In none of the other patients was there any evidence that the 
abnormalities in the electrocardiogiam had a clinical significance, either 
at the time of their occurrence or afteiward 

COMMENT 

On many occasions during this study, patients had the blood pressure 
detei mined as often as once a minute for considerable periods of time, 
and almost without exception readings were taken every two and a half 
minutes These frequent observations have shown that the pressure 
may fluctuate within wide limits above and below its usual level without 
other apparent change m the circulation or general condition of the 
patient In this study, the only change which has seemed of significance 
has been the steady and conspicuous fall in pi essure which accompanied 
the appearance of surgical shock Rises in pressuie as great as 100 mm 
above the preoperative level have been unassociated with signs of 
circulatoiy disturbance, and significant lowering (amounting to half the 
systolic pressure m hypertensive individuals) has likewise been without 
clinical manifestations unless it reached levels of fiom 80 to 90 mm of 
mercury The rarity or frequency of fluctuations m the blood pressure 
level has had no apparent significance, and it appears certain that the 
behavioi of the blood pressure during operation has afforded no indica- 
tion of its subsequent behavior or of the clinical course of the patient 
The changes m the electrocardiogram dui mg operation were largely of 
a minor character, and had no demonstrable influence on the circulation 
so far as could be determined by blood pressure readings and clinical 
observations We aie in complete agreement with those previous 
observeis who considered them of physiologic interest rathei than of 
clinical importance 

With regai d to determinations of the blood pressure after operation, 
it may be said that they have been of no value whatver m estimating the 
danger of postoperative complications or the type and duration of con- 
valescence This statement does not apply to those patients who left + he 
opeiatmg table m shock, m them, frequent observation of the blood 
pressuie seemed essential Attention has already been directed to the 
fact that very few of the patients m the present series showed a post- 
operative fall m pressure, and that convalescence m those few was 
uneventful A careful comparison of clinical notes and blood pressure 
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records obtained during the ten days following operation fails to dis- 
close any constant 1 elation between them, except that during the later 
days of comalescence many patients had a pressure lower than before 
operation That this model ate fall may be attnbuted laigely to pro- 
longed rest m bed is indicated by similar findings m many othei medical 
and surgical patients who were not subjected to anesthesia and operation 
The four patients who developed postoperative complications did not 
ha\ e a postoperative lowei mg of the blood pressure, or any other changes 
which were distinctive 

SUMMARY 

The blood piessuie has been determined, and electrocardiograms 
taken, at fiequent intei vals during anesthesia and operation in thirty 
patients Blood pressures were detei mined and clinical notes made at 
regular intervals each day for ten or more days of convalescence 

The blood pressure during operation varied considerably , it was con- 
stantly aboie and constantly below the preoperative level m an equal 
number of cases Changes m pressure m either direction seemed to be 
without clinical significance except when there was extreme lowering of 
the systolic and pulse pressures in cases of shock 

The majority of patients, in this series, failed to show the postoper- 
ative fall in systolic and pulse piessures repoited by some obseivers and 
assumed by many Of the few patients who did show such a fall, none 
developed postoperative complications or had a protracted convalescence 
Blood pressures during the first thirty hours after operation, as well 
as those taken duung the following ten days, were found to be of no 
value m estimating the likelihood of complications or the rapidity of 
convalescence 

Electrocardiograms taken during operation showed definite changes, 
not present m preliminary tracings, in about half the cases The chief 
of these were premature beats, paroxysmal tachycardia and disturbances 
of the pacemaker They were not associated with demonstrable changes 
m the circulation, and seemed to be without clinical significance 
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The influence of preopeiative digitalization on the incidence of post- 
operative complications and deaths due to “circulatory failure” is a 
mattei of considerable intei est to most surgeons, but one which has 
apparently received little systematic investigation A number of 
observers advocate the routine employment of the drug m certain types 
of cases or operations, and feel that it is of undoubted value Thus, 
Lihenthal , 1 in discussing resection of the lung for suppurative infections, 
says 

With or without sepsis, it is the power of the heart to adapt itself which 
is perhaps the greatest factor m determining resistance While this is prac- 
tically so m all surgery, it appears to be more striking in resection of the 
infected lung In any event, digitalization should be accomplished m 

the forty-eight hours preceding operation 

Similarly, Thomas , 2 in his discussion of the factors responsible foi 
moitahty after prostatectomy, says 

For years I have digitalized these (prostatectomy) patients as a routine 
before and after operation, and thereby avoid m many cases drops in pulse 
pressure that not infrequently prove fatal in undigitalized patients who have 
been operated on Not only will this practise save many lives, but it will 
surely prevent many postoperative complications and promote convalescence 

The presence of arteriosclerosis is regarded as an indication for 
preoperative digitalization by Richardson , 3 who writes “In spite of the 
modern skepticism about the use of digitalis in patients with arterio- 
sclerosis, I feel sure that it is of considerable value m tiding over the 
peuod of depression that often follows operations on old people ” That 
the drug mav be effective in lessening postopei ative pneumonia is the 

’’’ From the Department of Internal Medicine, Yale University School of 
Medicine, and the New Haven Hospital 

1 Lilienthal, H Resection of the Lung for Suppurative Infections, Ann 
Surg 75 25 7 (March) 1922 

2 Thomas, B A Factors Responsible for Reduction of Mortality and 
Morbidity in Prostatectomy, J A M A 82 281 (Jan 26) 1924 

3 Richardson, F L Heart Lesions in Anesthesia Am J Surg (Anes- 
thesia Supplement) 33 109 (Oct ) 1919 
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belief of El\\)n, who thinks it is piobable that hypostatic congestion of 
the lungs may at times be pi evented by the preoperative use of digitalis, 
especial!}' in cases with a tendency towaids myocardial failuie ” 

Statistical evidence in favor of pieopeiative digitalization has been 
piesented b} seveial authois Mandl 4 5 6 feels that he secured a 1 eduction 
of postoperative pulmonaij complications from 27 to 8 per cent by the 
use of digitoxm befoie opeiation Geist and Somberg 0 have noted post- 
opeiatne complications in only 2 9 pel cent of then sixty-nine digitalized 
patients, as against 26 pei cent m thiity-mne sinnlai patients who had 
not leceived digitalis Geist and Goldberger, 7 in a later aiticle, were 
able to lepoit a fuithei i eduction of such complications to 2 pei cent, 
which the\ attributed to pieopeiative digitalization, as it is much lowei 
than the ateiage in undigitahzed patients 

Examples of sinnlai views as to the efficacy of digitalis m surgical 
patients could be multiplied without difficulty Most authois who lecom- 
mend the fiequent oi loutine piactice of preoperative digitalization 
attribute its beneficial effects to its action on the blood piessure, more 
specificallv, to its action in maintaining the pulse piessuie But with 
the exception of the papeis of Geist and his collaboi atoi s, we have been 
unable to find any studies of the postopeiative blood pressuie in digi- 
talized patients 

In an attempt to airive at moie exact knowledge of the influence of 
the diug on patients subjected to anesthesia and operation, we have 
studied a group of thirty pei sons who had leceived full therapeutic doses 
of digitalis before opeiation The method of study has been given in 
detail m the preceding paper Briefly, it consisted of determining the 
blood piessure and taking electiocardiogiams at frequent intervals 
throughout opeiation, and observing any factois in the administration of 
the anesthetic or the suigical pioceduie which might be responsible for 
changes After operation, the blood piessuie was determined at legulat 
intei vals every day foi at least ten days, and caieful notes made as to 
the progress of convalescence and the occunence of complications The 
only selection of patients was such as to ensure a wide variety of ages 
and surgical conditions , as in the pi evious study, an attempt was made 
to secure only the more serious operations 

Within the two or thiee days preceding opeiation, each patient 
received by mouth the full amount of the calculated therapeutic dose of 

4 Elwyn, H Postoperative Pneumonia, Anesthesia & Analgesia 3 43, 1924 

5 Mandl, F Wien klm Wchnschr 34 214 (April 28) 1921, abstr, J A 

M A 77 79 (July 2) 1921 

6 Geist, S H, and Somberg, J S Preoperative Digitalization A 

Method to Reduce Postoperative Complications, Am J Obst & Gynec 4 13 
(Aug) 1922 „ , 

7 Geist, S H, and Goldberger, M A Effect of Preoperative Digitaliza- 
tion in Reducing Postoperative Complications, Ann Surg 78 693 (Dec ) 19 3 
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digitalis Dosage was calculated on the basis of body weight, 1 5 gm 
pei hundied pounds being given The only form, of the diug employed 
was a caiefully standardized powdeied leaf which has been m constant 
use m the medical wai ds of this hospital In several instances, operation 
was postponed after complete digitalization had been effected , m these 
patients, the digitalis effect was maintained by a daily dose of 0 2 gm 
until the morning of opeiation None was given afterward except to 
patients with auricular fibrillation No othei change was made m the 
usual preopeiative prepaiation, which was the same as for nondigitahzed 
patients 

Evidence of the action of digitalis was secuied fiom the electrocar- 
diogiams, which showed the characteristic inversion of the T wave or 
the S-T interval m twenty-nine of the thirty cases The one patient 
whose electrocardiogram did not show the usual effect has been included 
because he received the proper amount of the drug at an adequate interval 
before operation, and there was no appaient leason for its improper 
absorption , it is posible that the T wave in this individual was previously 
inverted, and had been made upiight by digitalis The change in his 
tracings during operation, however, has been disregarded m view of the 
doubt concerning digitalization 

The observations here reported are primarily foi comparison with 
those given m the preceding paper , they have therefore been classified 
m the same manner It should be noted that the same rules have been 
followed throughout all blood pressures have been classified with refer- 
ence to their relation to the preopeiative level, and differences of 4 mm 
or less have been disregarded The transient rise in pressure which 
occurred, m most patients, during the induction of general anesthesia has 
also been disregarded for purposes of classification 

BLOOD PRESSURE DURING OPERATION 

The record of one patient has been omitted, as the blood pressure 
cuff became loose during operation and subsequent observations were 
unsatisfactory Of the twenty-nine patients whose records were com- 
plete, the blood pressure during operation was consistently above die 
preoperative level m thnteen, constantly below in four, fluctuating above 
and below the preoperative pressure m seven, and at the pieopeiative 
level in five The relation of these changes to the type of anesthesia is 
shown in Table 1 

Table 1 Blood Piessiacs Duting Operation m Twenty-Nine Cases* * 

Anesthesia Above Below Same Fluctuating 

Gas oxygen (nitrous oxicD 11 2 4 5 

Procam 11 2 

Fiber ill 


* As compared with the preoperative blood pressure 
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Five patients rveie m surgical shock at the conclusion of the opei- 
ation , in one of them, it followed sudden profuse hemoirhage It should 
be pointed out that in four patients the shock was of late development, 
occulting m seveial of them at the time of closure, and that all of these 
had blood pressuies above the pieoperative level until the rather sudden 
fall which preceded shock These four cases have been included m the 
gioup with those whose piessuies were constantly above the pieoperative 
level The fifth patient who developed shock had a steady fall m pres- 
suie fiom almost the beginning of the opeiation 

BLOOD PRESSURE DURING THE THIRTY HOURS AFTER 

OPERATION 

The lecords of six patients (Cases 3, 8, 11, 19, 22 and 28) have been 
omitted from the following analysis , one because of sudden death five 
houis aftei operation, the other five because they weie in shock at the 
conclusion of the opeiation, and their blood pressuies were below the 
pieoperative level at piactically all observations dui mg the thnty hours 
following (Recoids of patients m shock were also omitted fiom the 
corresponding table m the preceding study ) The relation of the systolic 
and the pulse piessures after opeiation to the coi responding pieoperative 
piessures is shown m Table 2, it is of mteiest to observe that the 
administration of digitalis did not pi event a postopei ative fall in systolic 
piessuie m a consideiable peicentage of the patients The figures with 
legard to changes m pulse piessuie are even more striking, approxi- 
mately 40 per cent of the group showed a fall m pulse pressure after 
opeiation These findings aie in sharp contrast to those of Geist and 
Goldbergei, 6 7 * who repoit that m their digitalized patients “the average 
diop was found to be only 3 mm within the first twelve hours, after 
which the tension gradually retui ned to normal ” 

Table 2 — Blood Piesswes Dwtng the Thnty Hours Aftei Opei atton * 

Systolic Pressure Pulse Pressure 

, * — . ! * ' 

Above Below Same Above Below Same 

6 hours alter operation 6 9 9 2 ? 

18 hours after operation 11 7 7 11 o 

34 hours after operation 10 7 7 8 V i 

30 hours after operation 7 9 8 t 11 *> 

* As compared vith the preoperative systolic and pulse pressures 

It is difficult to show a l elation between the observed changes in 
pressui e and the clinical course of the patient Both systolic and pulse 
piessures vaned considerably m individual cases, not infrequently, a 
patient whose pressure was below the preoperative level at the end of six 
hours showed a rise to or above that level at the end of eighteen hours, 
and vice versa However, the clinical records show that the six patients 
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whose systolic or pulse piessures weie above the pieopeiative level at 
the end of six hours had rapid and uneventful recoveries , of the nine 
patients who showed a fall in pressure at that time, one had proti acted 
nausea and vomiting, one died on the sixth day of pneumonia, and seven 
had normal convalescences With regard to the patient who died of 
pneumonia it should be pointed out that at three of the four obseivations 
dm mg the first thirty houis after operation the blood pressme was at or 
above the preoperative level 

GENERAL POSTOPERATIVE BLOOD PRESSURES 

Three patients died within two days after operation, so only twentv- 
seven records aie available for analysis From the second postoperative 
dav until the end of the period of observation, the blood pressure was 
above the preoperative level in foui patients, below in twenty, the same 
m two, and fluctuating within wide limits in one The intei esting feature 
of this observation, as of the preceding ones, is the large numbei of 
patients whose pressure fell and remainded below its normal level 

COMPLICATIONS 

As surgical shock occurred during, i ather than after, operation in all 
cases, it has not been included in the postoperative complications, even 
though it was appaiently the direct cause death in one case (Case 19) 
One patient died suddenly five hours after being removed from the oper- 
ating room , she had appeared to be in excellent condition fifteen minutes 
eaiher The suddenness of death suggests a vascular accident, but 
necropsy was not permitted Two patients (Cases 20 and 22) developed 
postoperative pneumonia on the sixth and the second day, i espectively , 
it proved fatal in both instances In both, it followed long operations, 
one performed under ether anesthesia, the othei under gas-oxygen 
Study of the postoperative blood pressui e in these cases discloses no dis- 
tinctive changes 

A summary of the obseivation on thirty patients, with changes in 
blood pressure during and after operation, is given m Table 3 

CHANGES IN ELECTROCARDIOGRAMS 

Eleven patients (37 per cent ) showed, during operation, changes in 
the electrocardiogram which had not been present in the prelimmaiy 
tracings Sino-auricular tachycardia, even though it attained a high 
grade, has not been included as an abnormality The obsei ved changes 
are briefly discussed below 

Pj einatare Beats Ectopic beats of ventricular origin were noted 
only once, they occurred m an elderly patient who presented signs of 
arteriosclerotic heait disease and auncular fibrillation 
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Revo sal of T Wave — In fom patients, theie occurred a partial 01 
complete leversal of the T Wave m Lead II, which had become inverted 
thiough the action of digitalis The change was tiansient, but, m every 
instance, it lecuired at intei vals tlnoughout operation Without excep- 
tion, it appealed m association with a notable mciease m heart rate, 
when the late fell to its usual level, the T wave became again inverted 
All patients who showed this re\ eisal weie anesthetized with nitrous 
oxid and oxygen Age had no appaient influence on its incidence as the 
ages of the patients vaned from 15 to 48 yeais That the change mav 
have been due to vagal release is suggested by its invariable association 
with an increased rate of beating The character of the re\ersal is 
shown m Figure 1, A and B 



Fig 1 — Lead II change in T wave and S-T interval m lower tracings 
Increase in rate in A is from 90 to 166 a minute, in B, from 124 to 162 In 
this and the following electrocardiograms, distances between abscissas represent 
10' 4 volts, and time is in one-fifth seconds 

Pai oxysmal Tachycai dm — Paioxysms of auricular tachycardia were 
registered in three patients , one of them also had paroxysms of 
ventricular origin From the standpoint of the anesthetic employed, 
these cases afford an interesting contrast to those mentioned in the 
preceding paper The two patients m that series who developed 
paroxysmal tachycardia both received ether thiough a nasal tube intro- 
duced into the pharynx, of the three patients in the present series, one 
was anesthetized with nitrous oxid and oxygen, and two with procain 
With regard to possible factors concerned m the etiology of the 
paroxysms, it should be noted that two patients had unequivocal signs 
of heart disease, one of arteriosclerotic and the othei of lheumatic 
origin, while the third had shown for a long period the continuous 
tachycardia associated with exophthalmic goiter Two of the patients 
developed profound shock during operation, but no paroxysms were 
noted clinically or in the electrocardiograms after the blood piessure 
had fallen below 80 mm of mercuiy The tracings of two patients, 
aie reproduced in Figures 2 and 3 







Fig 2 — Lead II upper tracing shows normal mechanism, with some depres- 
sion of the S-T interval , middle record shows sino-auricular tachycardia, with 
a rate of 184 a minute, lower tracing was taken during a paroxysm of tachy- 
cardia, the rate being 202 



Fig 3— Lead II upper shows normal mechanism, with depression of the 
S-T interval , middle shows a deep inversion of the T wave during operation , 
lower is thought to represent a paroxysm of tachycardia, although it is possiiy 
sino-auricular tachycardia, with reversal of the preMOUsly in\erted T \\a\e:>, 
the rate being 180 a minute 
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Displacement of the Pacemaker — A disturbance of the pacemaker, 
as evidenced by a disappeaiance of the P wave m the electrocardiogram, 
was noted in three cases In none of them were there coincident altera- 
tions in any other deflections In no instance was there any apparent 
change m the circulation or blood pressure which could be attributed 
to the altered cardiac mechanism It is true that, in all three cases, 
the blood pressure was above the preoperative level at the time the 
abnormal tracings were secured, but the elevation in pressure had 
occurred before the abnormality appeared in the electrocardiograms, 
and persisted after normal mechanism had been restored All three 
patients were males, all received nitrous oxid and oxygen as the 
anesthetic As in previous examples, the change in the electrocardio- 
gram appeared only during the eaihei part of the operation 

Table 4 — Elect) ocat dioqt ams and Blood Ptcssutcs 


Preoperative Simultaneous 

Blood Blood 

Pressure Pressure 

. -A K 





Sys 

Dins 

Abnormalities m 

Sjs 

Dias 


Case Age 

Cardiac Diagnosis 

tolic 

tolic 

Electrocardiograms 

tolic 

tolic 

Remarks 

4 

71 

Arteriosclerotic heart 

150 

70 

Fctopic vcntriculnr 

ISO 

96 




disease auricular 



bents 






fibrillation 







5 

61 

Normal 

150 

110 

Displacement of pace 

1S8 

104 







maker 




10 

24 

Normal 

130 

70 

Reversal of T wave 

128 

72 








140 

70 


12 

48 

Normal 

no 

70 

Reversal of T wave 

140 

78 








126 

70 


14 

47 

Norma] 

120 

76 

Displacement of pace 

148 

90 







maker 

142 

98 


19 

64 

Arteriosclerotic heart 

112 

so 

Pnroxysmnl tncbycar 

96 

76 

Carcinoma oi 



disease 



din (auricular and 

92 

74 

stomach 






ventricular) 




20 

49 

Normal 

146 

90 

Displacement of pace- 

156 

92 







maker 

164 

9S 


21 

40 

Normal 

120 

70 

Reversal of T wave 

13S 

78 








144 

"6 


20 

15 

Normal 

130 

68 

Reversal of T wave 

128 

SO 








138 

86 


2S 

24 

Thyroid heart dis 

150 

85 

Paroxysmal taehycnr 

122 

06 

Thyrotoxicosis 



ease (?) 



dia (auricular) 




30 

23 

Rheumatic heart dis 

110 

60 

Paroxysmal tachycar- 

154 

* 

Adherent peri 



ease 



dia (auricular) 

124 

* 

cardium 


* Diastolic pressure questionable as sounds were audible without inflation of cuff 

RELATION OF ELECTROCARDIOGRAPHIC CHANGES TO BLOOD PRESSURE 
So far as could be observed, there was no relation whatevei between 
the blood pressure and changes in cardiac mechanism This complete 
absence of correlation was found to apply not only to such minor and 
transient changes as alterations m the T wave and occasional premature 
beats, but also to such profound disturbances as prolonged paroxysms 
of tachycardia In only one instance was there an apparent relation 
between an abnormal mechanism and a change m blood pressure the 
onset of a paroxysm of tachycardia (as determined by auscultation and 
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graphic records) seemed to be accompanied by a sharp rise m pressure, 
but similar rises occurred several times after the end of the paroxysm, 
and a subsequent episode was not associated with an alteration in the 
blood pressure 

A summary of the electrocardiographic changes and the associated 
alterations m blood pressure is given m Table 4 Where two blood 
pressures are recorded, they 1 epresent the readings taken simultaneously 
with the first and last electrocardiograms that showed the abnormality 

RELATION OF ELECTROCARDIOGRAPHIC CHANGES TO 
CARDIAC PATHOLOGY 

Only four of the thirty patients studied had clear signs of heart 
disease (Cases 4, 20, 29 and 30), while a fifth (Case 28) was thought 
to have early changes m the heart of the type associated with some 
instances of exophthalmic goitei Of these five, four showed changes 
m the electrocardiogram during operation Paroxysmal tachycardia 
unquestionably stands first m importance among the changes found m 
this study, and it is worthy of note that of the three patients whose 
records displayed this abnormality, two had definite heart disease and 
the third very probably had myocardial damage There were symptoms 
and signs of slight congestive heart failure m two cases (Cases 20 
and 29) , none gave a history of anginal pam 

It is thus seen that four of the five cardiac patients (80 per cent ) 
developed some abnormality of the heart's mechanism during operation, 
while only seven of the twenty-five normal patients (28 per cent ) 
showed any changes, and these were extremely slight 

SIGNIFICANCE OF ELECTROCARDIOGRAPHIC CHANGES 

Five patients developed the picture of surgical shock during opera- 
tion, two of them had shown paroxysms of tachycardia earlier The 
relation of the arrhythmia to the subsequent development of shock 
seems problematical, for one of these patients had degenerative changes 
m the heart and a systolic blood pressure below 100 mm of mercury 
at the time operation was commenced, while the other had a severe 
form of exophthalmic goiter , a serious operative and postoperative 
course was therefore to be expected m both Fuithermore, m one 
patient, the paroxysms were first detected after the fall m blood pressure 
was noted, and, m the other, the paroxysms had ended about twenty 
minutes before the pressure began to decline It is unlikely that 
paroxysms occuried which escaped detection, for the condition of the 
latter patient was so critical that the heart rate was counted through 
the blood pressure attachment at intervals of about one minute, and 
electrocardiograms were taken at every indication of a change 



792 


ARCHIVES OF /A TERNAL MEDICI RE 


There was no evidence obtained to indicate that the other abnoi mail- 
ties in the electi ocardiogi ams were of the slightest clinical significance 

COMPARISON OF DIGITALIZED AND UNDIGITALIZED PATIENTS 

With respect to the period of anesthesia and operation, blood 
pressures which fluctuated above and below the pieopeiative level were 
noted m a considerable number of the patients who leceived digitalis, as 
compaied with those who did not The general level of the blood 
pressure during opeiation was above the preopeiative pressuie in a 
larger propoition of the digitalized than of the nondigitalized patients 
There appears to be a measurable diffeience between the two groups 
m these respects, but, m estimating the \alue of digitalis, it should be 
remembered that such diffeienees in pressure have seemed to be without 
clinical significance 

It is with legard to the changes in blood piessure during the first 
thirty hours after operaion that the most interesting observations have 
been made There is appaiently a widespread assumption that many 
postoperative complications and deaths are due to a failure of the 
circulation which manifests itself objectn ely thiough a fall in the 
sjstolic pressure or pulse pressure or both We have already men- 
tioned our failure to find any such postoperative fall m the majority of 
nondigitalized patients, even in those who developed pulmonary or 
other complications during convalescence Of the digitalized patients, 
however, a high percentage showed a significant lowering of both 
systolic and pulse pressures during the thirty hours aftei operation 
fhe actual percentage of the patients m each group who showed this 
postoperative fall in systolic and pulse piessures is shown in Table 5 

Iable 5 — Pci centage of Patients Showing Postopci ative Fall in Systolic and 

Pulse Piessuics 


Sj stolic Pressure Pulse Pressure 

, > l 

Nondigitalized, Digitalized, Nondigitalized, Digitalized, 
per Cent per Cent per Cent per Cent 
6 hours after operation 30 37 5 34 6 37 5 

IS hours after operation 19 29 30 46 

24 hours after operation 24 99 39 37 g 

30 hours after operation 11 5 37 5 1C q 43 


The changes in blood piessure from the second postoperative day 
onward have attracted little attention from previous observers, but m this 
period also there is found the same relative difference m the two groups 
Nearly three- fourths (73 per cent ) of the digitalized patients had blood 
pressures during convalescence well below the preoperative level, while 
only 43 per cent of the nondigitalized patients showed a similar lowering 
Concerning changes m the electrocardiogram during opeiation, the 
figutes appear to indicate that abnormalities occurred less frequently m 
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the digitalized patients , also that displacements of the pacemaker were 
less frequent, and paroxysmal tachycaidia moie frequent, m this group 
The chfieiences in the two gioups, however, are slight, and no signifi- 
cance can be attached to them when the method of study is considered 
Electiocardiograms weie taken from most patients only once every five 
minutes, and the abnoimalities lately appeared m more than two of the 
twenty 01 thnty lecoids secuied The actual incidence of changes 
could be determined only by means of continuous tracings , an apparent 
slight 1 eduction m the number of abnormalities, therefore, cannot 
safely be accepted as indicating an actual reduction That the observed 
changes were without apparent clinical significance has already been 
mentioned 

With regai d to complications and deaths in the two groups, it is 
difficult to make a satisfactory companson Meie figures indicating the 
number of postopeiative complications and deaths are available, but 
cannot justify any conclusions For instance, pneumonia occurred m 
four nondigitalized patients and in two who had received digitalis , it 
seems unfan, however, to maintain that the incidence of that disease is 
twice as great m the first group as in the second, because two of the 
four patients in the first group who developed pneumonia had prolonged 
and extensive operations on the jaw, tongue, pharynx and neck, with 
unquestionable inhalation of septic material It is hardly conceivable 
that the preoperative administration of digitalis would have prevented 
the development of pneumonia in either of these patients Similarly, 
we find lecorded four deaths among the digitalized patients, as against 
two in the nondigitalized gioup, but analysis of the histories reveals 
that of the four digitalized patients who died, one had advanced heart 
disease and one a piactically inoperable brain tumor A third patient 
died suddenly and the cause was undetermined The behavior of the 
blood pressure has been of no value in either group Surgical shock, 
which has seemed to us an operative, rather than a postoperative, compli- 
cation, occurred an equal numbei of times m both groups 

A careful consideration of all the known factors m those patients 
who developed postoperative complications seems to warrant the con- 
clusion that their incidence m both the digitalized and undigitalized 
patients was about what would have been anticipated, and that it affords 
no evidence of a beneficial influence on the part of digitalis 

COMMENT 

It is obviously impossible to draw any final conclusions from a stud} 
which has included a comparatively small number of patients and a 
wide variety of ages and operations The observations here reported 
may not be strictly compaiable with those of previous authors but they 
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are fairly comparable with those given in the piecedmg paper The 
patients who composed the two contrasting groups were drawn from 
the same wards, were under the same preoperative and postoperative 
regimen, were anesthetized and operated on by the same gioup of 
anesthetists and surgeons All observations were made by the authors 
It is therefore of some interest to find that the preoperative administra- 
tion of digitalis has not only failed to prevent a postoperative fall in 
systolic blood pressure and pulse pressure, but has possibly caused 
such a fall m a large numbei of patients It has had no apparent 
influence on the incidence or severity of postoperative complications 
To conclude that digitalis is without value m preventing such compli- 
cations would be to go beyond the observed facts, it can probably be 
said with fairness, however, that this study has afforded no support 
for the belief that there are important changes m the blood pressure 
after operation which can be prevented by the earlier administration 
of digitalis Whether observations on a large group of elderly patients 
subjected to the same anesthetic and operation would yield similar results 
is open to question 

SUMMARY 

The blood pressure was determined, and electrocardiograms taken, 
at frequent intervals during anesthesia and operation m thirty patients 
who had been completely digitalized Blood pressures were determined 
and notes of the clinical condition made at regular intervals every day 
for from eight to eighteen days after operation 

The blood pressure, during operation, varied considerably in indi- 
vidual cases A large proportion (45 per cent ) maintained the pressure 
above the preoperative level, and about one-fourth showed wide fluctua- 
tions above and below the preopeiative pressure 

A considerable number of the patients showed a fall in the systolic 
blood pressure during the thirty hours following operation An even 
larger number showed a decrease in the pulse pressure These changes 
seemed to have no relation to the clinical course or the development of 
complications 

The blood pressure after the second postoperative day was below the 
preoperative level in more than two thirds of the patients Its behavior, 
during this period, was found to be of no value m estimating the 
rapidity of convalescence 

Electrocardiograms taken during the operation showed changes not 
present m preliminary records m about 37 per cent of the patients 
The most frequent of these changes were displacement of the pace- 
maker, reversal of an inverted T wave m Lead II and paroxysmal 
tachycardia They were unaccompanied by clinical evidences of circula- 
tory disturbance 
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A companson of the obseivations on digitalized and nondigitahzed 
patients discloses only few differences There was a postopeiative fall 
in systolic and pulse pressure in a greater propoition of the digitalized 
patients than of the nondigitahzed No evidence was secured of a 
beneficial effect of digitalis on postoperative complications or deaths 

CONCLUSION 

Theie is no convincing evidence that the preoperative administration 
of digitalis exerts a favorable influence on the blood piessuie or the 
incidence of postoperative complications m a group of unselected 
patients There is suggestive evidence that the drug tends to cause 
the precise change m blood piessure which it is usually given to prevent 
There is no apparent necessity 01 justification foi its routine employ- 
ment in patients who possess normal heaits 



THE INVOLUNTARY NERVOUS SYSTEM AN IMPOR- 
TANT FACTOR IN THE BODY’S RESISTANCE *■ 

ERNST FRIEDRICH MULLER, MD 

XEW \ ORK 


I 

Infection and body resistance have been studied from various angles 
for several centuries 

Empirically, nonspecific therapy has been practiced m different foims 
for an equal period of time, and only of late has scientific endeavor been 
applied to solve the problems to which the uses of such agents have 
given rise 

Petersen 1 has particularly emphasized the role that body resistance 
plays in the administration and the results of nonspecific treatment 

Our aim has been to determine the physiologic basis of this resistance , 
m other words, to point to certain organs whose common functions t\ ere 
practically synonymous with resistance We believe that resistance is 
a product of the functions of various organs and it is quite probable 
that these organs possess additional functions that ai e exercised normally 
m the course of biologic processes The functions of resistance are 
normally mheient m the body but, under healthy conditions, their activity 
is lestricted to a minimum, m other words, they may be regarded as 
latent When infectious conditions pietail, evidences of their existence 
become appaient (as in the pioduction of leukocytes and antibodies), 
but there is nothing to indicate that such an increased function is to be 
regarded as m any way abnormal or as an abnormal function of the 
organ involved , on the contrary, it is a natural manifestation of the 
body’s inherent resistance powers 

Our studies were undertaken with the intention of determining 
(1) the organs of resistance, and (2) how the stimulation to increased 
activity reaches these organs, and the mannei m which this impulse is 
conducted to the site of infection 

Our experiments to date lead us to the opinion that the entrance of 
bacterial excitants into the body causes a reaction involving, besides 
others, - chiefly two groups of organs (1) the bone mariow system, 3 

From the department of dermatology and syphilology, College of Physicians 
and Surgeons, Columbia University 

1 Petersen, AV F Protein Therapy and Nonspecific Resistance, New York, 
Macmillan Company, 1922 

2 Jobling, I W, and Petersen, W F J Exper Med 22 141, 1915, Bac- 
teriotherapy in Typhoid Fever, J A M A 65 515 (Aug 7) 1915, Nonspecific 
Factors, J A M A 66 1753 (June 3) 1916 Jobling, J W Nonspecific Sub- 
stances, Arch Int Med 19 1042 (June) 1917 Larson, W P Minnesota 
Med 2 332 (Sept ) 1919 

3 Gay, F P , and Claypole, E J Arch Int Med 14 662 (Nov ) 1922 
Muller, E F Med Ivlin 14 440, 1918 , Beitr z Klin d Infektionskr 8 34, 1919 
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the originator of the white blood corpuscles and probably also the source 
of the earners of specific resistance (such as agglutinins), (2) the 
mvoluntai) nervous system, 4 the conductor not only of the stimulation 
from the site of infection to the bone marrow system but also of the 
newly formed immunizing substances and leukocytes to the site of 
infection 

In what follows, leference will be made only to the importance of 
the involuntary nervous system as a major factor in nonspecific and 
specific resistance 

In this connection, we accept as a postulate that the vascular system 
is the principal field of manifested and measurable activity of the 
involuntaiy neivous system 

The vasodilatation by the paiasympathetic portion of the involuntary 
nervous system and the vasoconstriction by its sympathetic portion are, 
under normal conditions, in that state of regulatory equilibrium that is 
demanded by the nutritive and functional synergism of the organs 
We know of influences of various lands, acting in the mam on the body 
from without, which distuib this equilibrium by giving a preponderating 
influence to one or to the other of these two antagonists Less known to 
us, however, are the paths of stimulation on which these impulses of the 
involuntary system opeiate and thus lead to changes m the equilibrium 
of the blood vessel tonus 

Mullei and Glaser-Hahnstein 5 point to the eveiyday occurrence of 
a unilateral blood vessel innervation by psychic processes and have 
experimentally shown that the midbram, the thalamus opticus and the 
central gray matter of the third ventricle are to be regarded as the 
places where strong sensory stimuli, as well as those changes m the 
general irritability caused by changes of mood, pass over to vasomotor 
channels They thus discovered one anatomically important pait of 
this path of stimulation, over which pass the vasomotor impulses, whose 
causes and purpose are still unknown to us 

We may further mention that, pharmacologically, the vasodilatation 
produced by pilocarpm and the vasoconstnction produced by epmephrm, 
both of which influences originate in the artificially caused preponder- 
ance of one of the factois of the vascular tonus under normal conditions, 
are at equipoise For this reason, these alkaloids produce a genuine dis- 
turbance in the regulation of the circulatory system The well known 
Anal effect of these distuibances makes it possible foi us to ascertain 
which of the two factors has gamed the preponderance in an individual 
case, and thus points out the right road in the search for the cause 

4 Muller, E F Munchen med Wchnschr 70 1163 (Sept 14) 1923, Arch 
f Dermat u Syph 145 188, 1923 

5 Muller, L R Autonomes Nervensystem, Berlin, 1923 
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Anothei well known change in the vascular tonus, a vaso dilatation, 
for the most part strictly localized, is caused by almost all inflammatory 
in itations It is true, however, that the question has not as yet been 
definitely decided whether we ha\e here to deal with genuine disturbances 
of vasomotor legulation produced by external causes, or whether we 
must regai d this dilation of the blood vessels as a reflex alteration of the 
local condition of the tissues The latter explanation is more acceptable, 
according to the modern view' of the problem of inflammation , but the 
hypothesis of a specific excitation of the \ asodilators, put fonvard by 
Meyer and Gottlieb, 0 has not been \enfied as yet with respect to causa- 
tion or to purpose On the other hand, it has been expei imentally 
pro\ ed, according to the same authors, that a stimulus to the vasodilators 
is followed, first of all, by an acute hyperemia, and subsequently by an 
increase m the permeability of the vessels 

ii 

Processes in the circulation originating, m the last analysis, from 
completely different causes, and which may be recognized by signs that 
have seemingly nothing to do with those pre\iously described, have led 
us to a new and clearer insight into the legulation of vascular tonus, and 
have made it possible to explain many w r ell known phenomena 

Goldscheider and Jacob 6 7 described, as early as 1894, an acute 
leukopenia resulting from the intravenous injection of peptonoid bodies 
These results led to the concept of the “peptone shock” manifesting 
itself in the blood by r a displacement, of short duration, of the leukocytes, 
principally the neutrophil polymorphonuclears, of which, in this test, a 
great number disappear for a short time from the penpheral blood and 
must therefoie be letamed m the vessels of the mnei oigans 

In 1920, Widal 8 published an observation, similar m effect He 
noted m patients with liver diseases, after alimentary irritation (200 gm 
of milk taken on an empty stomach), a leukocyte fall of short duration 
accompanied by a slight fall m the blood pressure and alterations in the 
viscosity and index of refraction of the blood , he designated this 
phenomenon as “crise haemoclasique ” He explains it as follows 
Those constituents of food which have neither been assimilated nor 
completely split up pass normally through the intestinal walls into the 
blood of the portal vein , they are then retained by the liver, detoxicated, 

6 Meyer and Gottlieb Pharmokologie, Berlin, 1923 

7 Goldscheider and Jacob Ztschr f him Med 25 373, S82, 1894 

8 Widal, F , Abrami, P , and Brissaud, D Presse med 28 181 (April 4) 

1920 
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and thus removed fiom the general circulation He concluded this was 
a normally piesent poison-i emovmg function of the hvei and termed it 
"proteopexic " A distuibance of this function would then cause an 
acute leukopenia, as a result of the entrance of peptonoid bodies m the 
general circulation 

This explanation was inconceivable to us because clinical and experi- 
mental obseivations, which will be mentioned later, led to the belief that 
the leukocyte fall was caused by distuibance of the involuntary nervous 
system, and we fuither assumed that this phenomenon is only represented 
by an acute displacement of the leukocytes 


hi 

These conclusions wete reached after the following experiments, 
beginning again from an entirely difteient angle In the course of 
extensive investigations on the role of the skin in immunizing processes, 
which weie repoited in a series of papers, we observed a new cause for 
the acute tempoiaiy leukocyte impovei ishment of the peripheral vessels 9 

We found that injections of physiologic sodium chlorid solution and 
other nonirntant substances given mtracutaneously led to a dilatation 
and to an increase m the number of leukocytes in the vessels of the 
subcutis On the other hand, after subcutaneous injections, despite the 
proximity of the vessels, a dilatation nevei takes place 

These simple experiments prove that it is not the injected material 
but the place and the mannei in which the injection is made into the 
derma that cause these dilatations of the vessels and the accumulation 
of leukocytes in the lattei 

Thus is proved an influence, originated m the skin, which stimulates 
the vasodilating nerves of the subcutis We do not know if such an 
experiment is equal to an infection produced by geims entering the 
skin We further do not know if the reaction of the vessels of the 
subcutaneous tissues by dilating is a part of a local resistance In any 
event it is the beginning of an active process in connection with the 
injected agents Later, it will be observed that leukocytes, accumulating 
m the dilated vessels of the subcutis, penetrate the walls, enter into the 
tissues and reach the skin, moie paiticularly the area around the 
injection 10 

We further determined, by other experiments, that mtradermal 
injections of minute quantities of physiologic sodium chlorid solution, 
distilled water, lactalbumm, milk or even air, cause an immediate and 


9 Muller, E F Arch f Dermat u Svpb 31 237 1921 , Munchen med 
Wchnschr 68 912 (July 22) 1921, ibid 69 1506, 1753, 1922, ibid 71 20 _ (Feb 
15) , 672 (May 23) , 813 (June 20) 1924 , ibid 72 125, 1925 

10 Muller, E F Arch f Dermat u Syph 31 237, 1921 
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sudden fall of the leukocytes m all of the vessels of the periphery 11 
These leukocytes will suddenly be found m the strongly dilated vessels 
controlled by the splanchnic nerve, especially m the liver These findings 
have been proved, in recent experiments, by injecting rats with arsphen- 
annn 12 These observations coincide with the findings of Dean, 13 who 
discovered a very large number of leukocytes in the dilated liver vessels, 
more particularly m the smaller, in a patient who suddenly died of an 
anaphylactic shock The dilatation of the subcutaneous \ essels, situated 
immediately under the area of injection, as well as the enormous dis- 
tention of the abdominal vessels, were due to the occurrence of an acute 
preponderance of the -vagotonus, caused by a reflex to the parasym- 
pathetic part of the involuntary nervous system 

We succeeded m eliminating this reflex by blocking the parasym- 
pathetic nervous system (1) in the skin, and (2) m the abdominal 
region It is further possible to bring about the reflex with direct 
pharmacologic stimulation of the parasympathetic nervous system by 
pilocarpm or to postpone it by adding epmephim to the injected fluid 
Thus, it was proved that stimulation of the skin changes the balance of 
the involuntary nervous system not only at the site of injection, but 
also m the region of the organs controlled by the splanchnic nerve 14 

More recent experiments demonstrated that the parasympathetic 
vasodilatation leads to an accumulation of leukocytes at these dilated 
parts of the circulatory system Thus has been found the direct relation 
between the skm and the leukocytes m the blood stream The existence 
of this connection and its importance for every skin stimulation is 
enhanced by the determination that other stimulations, such as freezing, 
application of heat and Ponndorf’s scarification, lead to a like effect on 
the parasympathetic nervous system 

For example, if m chronic gonorrhea strong or weak stimulations 
of the skm are employed, an abundance of young and fresh leukocytes 
are produced and can be found m the excretion of the urethra, where 
they were previously found only m very small numbers 

The foregoing investigations explain this phenomenon m the follow- 
ing manner As in every other acute and chronic infection, there is m 
urethral gonorrhea a local overbalance of the parasympathetic tonus 
recognizable by the inflammatory vasodilatation This is m the mam 
similar to local findings subsequent to mtradermal injections 

11 Muller, E F Ztschr f d ges exper Med 32 120, 1923 

12 Muller, E F , and Myers, C N Proc Soc Exper Biol & Med 21 474, 
1924 

13 Dean J Path & Bacteriol 25 3, 1920 

14 Muller, E F , and Holscher, R Ztschr f d ges exper Med 61 225, 
1924 
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While the described skin stimulation is held m balance by the 
s} mpathetic nervous system m all vascular regions, with the exception of 
the site of injection and of the visceral area, this equilibrium is also 
missing at the site of inflammation, because it is subjected to a constant 
overbalanced tonus of the local fibers of the parasympathetic nervous 
system This overbalance of the parasympathetic tonus is further 
increased by the sudden stimulation emanating from the skin, and now 
there occurs the phenomenon that is described above as relating to the 
increase of leukocytes, the leukocytes in the blood stream are fixed 
along the walls of the blood vessels, later penetrating the walls and 
entering the bacterially endangered parts We are not positive whether 
this penetration is due to chemotaxis or to impulses inherent in the 
leukocytes , whichever it may be, the fact remains that they are found 
in the tissues and in the excretion, where formerly they were absent 
This reaction can also be inhibited by the admimstraion of epinephnn 
or atropm and not by pilocarpm, thus proving that an undisturbed 
parasympathetic system is necessary for this reaction 

It is of further interest that the beginning of the leukocytosis is 
connected with a similar parasympathetic influence on the dilatation of 
the blood vessels of the bone marrow system 15 

No conclusive explanation for the transmission of a stimulative 
impulse was evident from the findings m the cellular marrow of the 
vertebrae More favorable conditions obtain in the fatty bone marrow 
tissue of the long bones In acute infectious conditions (for instance, 
pneumonia), a dilatation of the vessels with resulting hyperemia, 
followed by vascularization and the first appearance of myeloid elements 
m what was formerly only fatty tissue, is observed in this area There 
is no doubt that this process, an independent reaction of the organism, 
is based on a change of tonus in the vascular nerves Vasodilatation, 
in other words, stimulation by way of the parasympathetic system, 
predominates, and the assumption is therefore justified that this stimula- 
tion, similar to the remote effect on the vessels of the splanchnic area, 
originates in the vicinity of the site of infection 

From a purely objective point of view, this process is entirely non- 
specific, for it is not possible to prove that the ferments contained m the 
leukocytes and also in the serum can be produced by merely transmitting 
a kinetic impulse to the myeloid system by way of the involuntary 
nervous system 

There is only one exception In acute cases of infectious diseases, 
as in pneumonia, the cells of the vertebral marrow do not possess any 
distinct bactericidal properties The cellular tissues of the long bones, 

15 Muller, E F Virchows Arch f path Anat 246 50, 1923 
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however, which are formed during the progress of the disease, are 
decidedly bactericidal, thus preventing the excitants, circulating m the 
blood, from taking a foothold In this instance, the identical stimulative 
process furthers the formation of cells with specific properties 

IV 

These tests were not sufficient proof that specific stimulation can also 
he transmitted along the involuntary nervous system The following 
investigations, however, may be accepted as conclusive 

They were made with insulin and rabbits were used for the tests 10 
The tests were carried out as follows Rabbits were fasted foi from 
eighteen to twenty hours, and their blood sugar was determined They 
were then injected with equal quantities of insulin, simultaneously, by 
both the subcutaneous and the intradermal route 

Banting and Best have designated 1 unit of insulin (per kilogram of 
body weight) as the quantity lequired for subcutaneous injection to 
decrease the blood sugar of a normal rabbit from about 01 to Oil per 
cent to about 0 045 per cent This has since been accepted as the 
physiologic unit for insulin treatment 

In comparing the results of the subcutaneous and the intradermal 
methods of administration, it will be found that the effect of an equal 
dose of msulm is consideiably prolonged if gnen by the intradermal 
route This is lather remarkable and difficult to explain It should be 
noted that factors of lesorption alone could not explain these variations, 
for practically the same effect on the blood sugar is evident with both 
methods within a period of two hours If, aftei intradermal injection 
only part of the injected insulin can take effect immediately, due to 
slow resorption, surely the effect on the blood sugar cannot be equal 
to that produced by the larger quantity of msulm that is absorbed 
immediately after subcutaneous injection 

Assuming that a subcutaneous dose is resorbed withm thirty minutes 
after administration, this would by no means afford an explanation for 
the increased effect observed after intradermal injection that is of equal 
intensity, yet is of two hours’ longer duration In animals after mtra- 
dermal injection, the wheal disappears comparatively soon, it is never 
visible longer than, thirty minutes Even if it is assumed that the 
difference in reaction of the two methods of injection is due to the 
slower resorption by the intradermal route, it would be expected that 
the period of initial low sugar would merely be postponed Further- 
more, the delay might be expected to last a little longer than the time 
during which the wheal is discernible This explanation becomes 

16 Muller, E F , and Corbitt, H B J Lab & Clin Med 9 608 (June) 
1924 
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improbable when it is considered that the lowest value of the blood 
sugar for both methods is reached after from one to two horns, the 
difference existing solely m the period during which this low value is 
maintained 

Summarizing our experiments There is evident, after mtradermal 
administration, a considerable prolongation of the effect of insulin on 
the blood sugar of noimal rabbits At first we were not able to give an 
explanation of these facts 

Beyond doubt, the skin as an individual organ is partly responsible 
for this effect, also, the factor of resorption plays an important pait 
However, the foregoing alone does not suffice to explain this phe- 
nomenon 

The following is of importance 17 The effect of insulin injections 
increases proportionately to the distance from the circulatory system 
at which the injection is made, in other words, intravenous injections 
are the least effective, intramuscular and subcutaneous injections are 
consideiably more effective and mtradermal injections have the greatest 
effect of all 

These findings suggest a comparison with the former tests with 
nonspecific agents Their effect also is gieatly enhanced by the mtra- 
dermal method of injection while equal doses administered subdeimally 
are ineffective, and it has been definitely determined that this increased 
effectiveness is due to the close relation of the skin to the involuntary 
nervous system 

We were, therefore, led to assume that there exists a similar path 
of conduction by way of the involuntary nervous system When we 
recall the highly interesting investigations of Meltzer and Kleme , 18 this 
assumption gams m strength The authors determined that the effect of 
epmephrin on hyperglycemia is inversely proportional to the rate of 
its introduction into the circulation, in other words, the effect is only 
slight after intravenous injection and is considerable after subcutaneous 
injection Our most recent, as yet unpublished, investigations indicate 
that mtradermal injection in these cases, in certain limits, will increase 
or pi olong the effect 

Additionally there is the significant determination that even entirely 
nonspecific agents, such as sodium chlond solutions, will effectually 
increase the blood sugar if injected mtradermally 

It is quite obvious that former methods of investigation suggested 
themselves We therefore attempted to block the involuntary nervous 

17 Corbitt, H B J Am Pharm A U 108 (Feb ) 1925 Muller, E F , and 
Corbitt, H B J Lab & Clin Med , to be published 

18 Meltzer and Kleine Rockefeller Inst Pub 19 146, 1914 
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system The results of such tests with epmephrm and insulin are 
known Epmephrm diminishes the effect of insulin There is no doubt 
that epmephrm increases the tonus of the sympathetic nervous system so 
that we suspect there may be a connection between these facts This 
gams more importance when one remembers that atropin also diminishes 
the effect of insulin Magenta and Biazotti 19 arrive at similar results 
This may be explained as follows Epmephrm increases the tonus of the 
sympathetic nervous system and has a depressing and paralyzing effect 
on the parasympathetic nervous system Atropm has, to a certain 
degree, a directly paralyzing effect on the parasympathetic nervous sys- 
tem This paralyzing effect either diminishes or nullifies the effect of 
insulin It is, therefore, feasible to conclude that the effect of insulin 
is conducted in part at least along the route of the parasympathetic 
nervous system 

Pilocarpm has no effect on insulin medication, nor has physostigmm 
(eserm) or nicotin, according to Magenta and Biazotti These facts 
also indicate that the parasympathetic nervous system plays a part in the 
realization of the insulin effect, for, if the function of the parasym- 
pathetic nerves is disturbed, the effect of insulin is greatly diminished, 
but no stimulation of this system can affect it 

It is not our intention to draw any conclusions regarding insulin 
treatment and diabetes from the findings of these experiments How- 
ever, it is certain that both insulin and epmephrm affect the blood 
sugar content through a stimulative impulse traveling by way of the 
mvolutary nervous system 

At the time of these studies it was not certain whethei or not insulin 
takes effect only mi the manner described, but our investigations, 
as well as those of other authors, have led to the conclusions that the 
involuntary nervous system conducts a specific stimulation without 
biologic contact directly to the liver or to some other organ that is 
responsible for the blood sugar lowering effects 

Later studies on the mechanism of msulm action earned on by the 
author and Dr H J Wiener in the Department of Metabolism, Vander- 
bilt Clinic, College of Physicians and Surgeons, New York, will be 
published shortly in this journal They demonstiate that in human 
beings insulin, injected mtradermally, acts m part by a nervous stimula- 
tion of the glycogenic function of the liver in the absence of demonstrable 
evidence of the presence of the hormone m the blood stream or in the 
tissues These results show that a specific stimulus can be conveyed bv 
the involuntary nervous system fiom the site of injection to a distant 
center 


19 Magenta, M A, and Biazotti, A Compt rend Soc de biol 89 1120, 
1923 
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V. 

We have stressed the importance of the involuntary nervous system 
m connection with the experiments quoted, and we wish to reiterate that 
the involuntary nervous system is the conductor of certain impulses, 
that no substance, nothing material, has to pass from one organ as the 
first recipient of the stimulation, to the other organ, which later accepts 
and reacts to this stimulation 

Nothing material, merely stimulative impulses, are transmitted This 
knowledge of the principles and mechanism underlying the body’s 
resistance, m those instances, offers a new series of problems and also 
justifies the foregoing point of view on the problem of infection and 
resistance 

Summarizing, when excitants enter the body, two great systems of 
organs participate m setting up the ensuing reaction, either alone or m 
combination with others One, the bone marrow system, the originator 
of the properties and the cells prerequisite for resistance, and probabl) 
also the originator of the ferments of specific resistance, the other, 
the involuntary nervous system, the conductor of impulses of stimulation 
from an infected area to the myeloid system and at the same time the 
regulator not only of the vessels but also of their leukocytic content 

At the site of infection, we must assume an involuntary perception of 
the presence of infectious material resulting in impulses that, in turn, 
produce a dilatation of vessels in the surrounding tissues by means of an 
increased tonus of the local fibers of the parasympathetic system Simul- 
taneously with this dilatation there is a change m the normal condition 
of the walls of the vessels which, as a reflex, results in an mciease of 
leukocytes in these dilated parts 

This early local increase of leukocytes occurs without any involvement 
of the bone marrow system, and is the result of changes m the walls of 
the vessels caused by the parasympathetic system enabling the vessels 
to retain more leukocytes from the circulating blood 

Beside this first increase of leukocytes at the site of infection there 
is later observed a decided increase m the number of leukocytes in the 
entire blood stream due to an increased activity of the myeloid system 
This produces not only the elementary cells but also their specific 
ferments 

The mvdluntary system also is \itally concerned in the production 
of this typical “myeloid reaction ” So far, expel imental 1m estigations 
have not revealed the direct path along which the stimulation tra\els 
from the site of infection to the bone marrow We know the path as 
far as the vessels of the surrounding tissues are concerned, and we 
know that from theie the parasympathetic system conducts the stimu- 
lation to the abdominal vessels But, from purely anatomic experiences 
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there is a high degree of piobability that the stimulation is carried from 
the site of infection to the myeloid system by way of the involuntary 
nervous system No objective findings in the bone marrow of the 
vertebra sufficient to serve as an explanation for the stimulative con- 
duction have been determined In the fatty tissues of the marrow of 
the long bones, conditions are more favorable At this point, there is 
first observed great dilatation of the vessels filled with blood , this stage 
is followed by vascularization and, later, by the first appearance of 
myeloid elements This dilatation is be} ond doubt an independent reac- 
tion of the body produced by the nerves regulating vasculai tonus In 
other words, vasodilating impulses tra\ehng by way of the parasympa- 
thetic system predominate, and we are therefore quite justified in assum- 
ing that these impulses are sent out from the site of infection, which 
creates a condition analogous to that of telekinetic influence on the vessels 
controlled by the splanchnic nei ve 

The resulting increase in cell production of the myeloid system may 
spread to involve all poitions of the bone marrow capable of trans- 
formation If this process continues undisturbed, it will jiroduce a 
total increase of normal, fully developed myeloid cells, presenting the 
clinical symptoms of typical leukocytosis 

As soon as this normal hyperactivity of the myeloid system increases 
the number of polymorphonuclear leukocytes m the circulating blood, the 
involuntary nervous system acts by conducting these newly formed cells 
to the site of infection On reaching the dilated vessels — dilated because 
of the continued increase of tonus in the parasympathetic system of 
this area — the leukocytes are retained Thus, the total number of 
leukocytes m these vessels increases at the same time that they commence 
to emigrate through the walls of the vessels into the tissues endangered 
by germs , together with the local tissue reaction, and yet distinctly 
individual, there are produced the clinical symptoms of an acute local 
inflammation This closes the circle with the aid of the bone manow 
and the involuntary nervous system, the body is thus enabled to afford 
a certain protection to the endangered area 



DISEASES OF THE PANCREAS 

A PATHOLOGIC STUDY, WITH REPORT OP CASES 
MOSES BARRON, MD 

MINNEAPOLIS 

Few diseases associated with definite organic changes present so 
many pitfalls m diagnosis as certain lesions involving the pancreas, 
which are either left undiagnosed or are diagnosed incorrectly These 
are diseases associated with the function of the external secretion 
of the gland There is as much confusion today on the pathology 
and symptomatology of these diseases as there was twenty years 
ago 1 Disorders of the internal secretion which result m diabetes 
through involvement of the islands of Langerhans are moie readily 
diagnosed 

Several reasons may explain the difficulties encountered in diag- 
nosis the location of the organ m the center of the body, which makes 
it inaccessible to palpation and surgery, and also inaccessible to 
securing the secretion through which to study the function of the 
organ, its stiuctuie and location, which make it inaccessible to the 
roentgen ray, and the fact that it is not often studied at necropsy, 
probably because of the early postmortem autolysis 

PATHOLOGY 

There has been a gross exaggeration concerning the mfiequency 
of pancreatic disease, owing to this difficulty m diagnosis, and also to 
the fact that the disease is not looked for because of the assumption 
of its rarity 

Mayo-Robson and Cammidge 2 furnish statistics that show more 
than 2 per cent of lesions of the panel eas in a series of 6,708 necrop- 
sies They state that postmortem figures m relation to the pancreas 
are not reliable, because of the rapid autolytic changes taking place 
soon after death with the result that many lesions remain unrecognized 

The records of all necropsies performed m the department of 
pathology at the University of Minnesota Medical School, fiom Jan 1, 
1919, to Sept 10, 1924, were examined, and seventy-three cases of 
gross lesions in the pancreas were found The total number of 
necropsies for this period was 3,437, of which about 200 were of 
stillbirths and new-born infants The percentage of pancreatic 

1 Fallon, M F Relation of Gallstones to Pancreatitis, Boston M &. S J 

190 54S-549 (March 27) 1924 . _ . , 

2 Mayo-Robson and Cammidge The Pancreas Its Surgery and Patho - 
ogy, Philadelphia, W B Saunders Company, 1907, p 126 
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disease, in this series, is therefore 2 3 per cent , a result quite similar 
to that quoted by Mayo-Robson and Cammidge The card index was 
used to find pancreatic diseases in the postmortems prior to 1919 
Twenty-two additional cases were compiled in this group, making a 
total of ninety-five cases studied 

The classification of lesions quoted by Mayo-Robson and Cammidge 
is as follows Total number of diseases of pancreas found, 142, 
tumors (primary and secondary) , 55 , atrophy or cirrhosis, 45 , fatty 
changes, 9, hemorrhage, 3, calculi, 3, cysts, 2, hydatiform cysts, 1, 
tuberculosis, 4, abscesses, 3, and miscellaneous, 17 

The types of lesions found, in our senes, aie as follows Pnmary 
carcinoma, 29 , melanoma, 1 , metastatic carcinoma, 26 , chi omc pan- 
creatitis, 14, acute pancreatic necrosis, 8, pancreatic lithiasis, 3, 
traumatic rupture, 4 , gangrenous pancreatitis, 2 , cyst, 1 , hema- 
chromatosis, 1 , apoplexy , 1 , pancreatic arteriosclerosis with coronary 
sclerosis, 3 , pancreatic arteriosclerosis with sclerosis of kidney and 
hypertension, 1, and infaiction, 1 

Of the primary carcinomas, twenty-two were m men and seven 
in women The ages w^ere distributed as follows Between 38 and 39, 
three, 40 and 49, three, 50 and 59, twehe, 60 and 69, seven, and 70 
and 79, four 

Eighty per cent were theiefore above the age of 50 

Metastases were piesent in twent\ -four cases, distributed as fol- 
lows , Livei , 20 , lymph nodes, 10 , lungs, 6 , kidney, 4 , suprarenal, 3 , 
stomach, 2, gallbladder, 2, heait, 1, and miscellaneous, 5 

Jaundice was present in eleven cases, gallstones in four, the liver 
was markedly enlarged in nine , the gallbladder enlarged, without stones, 
m tnree 

In the twenty-five cases of secondary carcinomas of the pancreas 
found, the primary locations of the tumoi were as follows Stomach, 
19, rectum, 2, duodenum, 2, liver, 1, ovaries, 1, and mediastinal sar- 
coma, 1 

Of those originating in the stomach, sixteen were in men and three 
m women Of this group, gallstones weie present m only one case 
The age distribution was as follows Between 30 and 39, two , 40 and 
49, three, 50 and 59, four, 60 and 69, seven, and 70 and 79, thiee 

Seventy-four per cent of the cases were therefore above the 
age of 50 

As will be seen from the foiegoing, the panel eas is frequently the 
site of metastatic tumors, especially from the stomach Of twenty-six 
cases, nineteen were secondary to gastric carcinoma Of these, 
there was a remarkable preponderance of men over women, a ratio 
of more than five to one The age incidence of the gastric carcinoma 
is very similar to that of the pancreatic carcinoma, that is, 74 per cent 
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occur after the age of SO One case of metastatic tumor occurred in 
a young man, aged 22, in whom the primary caicmoma was in the h\er 

Gallstones weie present m five cases of chronic pancreatitis, in fom 
cases of acute pancreatic necrosis, in one case of pancreatic stone, and in 
one case of cyst of the panel eas These figures present a much highei 
percentage of gallstones associated with inflammatory lesions of the 
pancreas than with caicmomas The percentage of gallstones with 
primary carcinoma is found to be higher than in secondaiy carcinoma 
Such relationship between lesions of the gallbladder and the primary 
lesions of the pancreas seems to be moie than accidental Jaundice 
was present in four cases of chronic, and in one case of acute pan- 
creatitis Masses weie palpable in the epigastrium m one case of chronic 
and m two cases of acute pancreatitis 

Tumois — Pi unary neoplasms constitute the most important single 
group of pathologic conditions involving the pancreas Benign tumors 
are rare Schneider 3 4 reports two cases of adenoma in addition to 
mentioning thnteen cases in the literature In our series, not a single 
case of benign tumor Was found Of thirty-one cases of pi unary 
tumors, twenty-nine were carcinomas, one melanoma and one lympho- 
sarcoma Pancreatic tumors other than carcinomas are therefore 
negligible 

Involvement of the head of the pancreas is most frequent In a 
large percentage of cases, this condition is accompanied eithei m the 
earlier or in the later stages by the development of jaundice, which is 
often of an intensity that is almost pathognomonic The gallbladder 
not infrequently is greatly distended in this type of obstruction in 
contrast to its shrunken size in cases of gallstone jaundice It may 
be large and palpable even m the absence of jaundice The principal 
symptoms are indigestion, weakness, progressive loss of weight, anorexia, 
nausea, vomiting and pain In our series, about 50 per cent had gastric 
distress with nausea and vomiting, and m about 20 per cent turnoi 
masses could be palpated m the epigastrium Pain is very common 
It is often referred to the lower dorsal or lumbai region and to the 
angle of the left scapula Itching is often intense when jaundice is 
present, as it was m a case which will be referred to later Gilbride, 1 
however, found an absence of itching, in his series of cases of malignant 
disease Although the jaundice is usually progressive, occasionally it 
may clear up aftei a time, only to recur In one of the cases studied, 
the jaundice had completely cleared up for a period of two months 

3 Schneider, Helene Adenoma o£ Islands of Langerhans (Insulinoma), 
Rev med de la Suisse Rom 44 222-238 (April) 1924 

4 Gilbride, J J Tumors of the Pancreas Operations Performed on 
Twelve Patients, J A M A 83 984-989 (Sept 27) 1924 
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The liver very frequently becomes enlarged during some stage of the 
disease, while it may later shrink to even less than normal m size 

In our series, the ages range between 38 and 75 , 80 per cent occur 
m those over 50, the largest number occurring between 50 and 60 
There is a great preponderance of men over women, which, in our 
series, is m the ratio of more than three to one 

The duration of the disease ranges from two weeks to four years 
The presence of glycosuria was not mentioned in the protocols, except 
m a few instances The clinical diagnosis w r as given m only nine 
cases, and of these three w^ere diagnosed as carcinoma of the stomach, 
two as carcinoma of the colon, three as carcinoma of the In er, and only 
two as carcinoma of the pancreas 

Acute Panel eattc Nectosts — This is a severe acute disease of the 
pancreas, often called acute hemorrhagic pancreatitis The hemorrhagic, 
gangrenous and suppurative forms merely represent different stages in 
the same pathologic process, which begins with necrosis of the pancreas 
The mortality of the disease is very high, variously estimated at 70 
per cent, and only a very early surgical mfenention may bring the 
mortality to a lower figure In our series, there were eight cases of 
this lesion 

The symptoms of acute pancreatic necrosis are such as generally 
lead to erroneous diagnoses, such as perforating peptic ulcer, gallbladder 
disease, acute intestinal obstruction, kidney stone and angina pectoris 
Usually, an operation or a postmortem examination establishes the cor- 
rect diagnosis The patients attacked are generally of middle age, 
in our series ranging principally between 30 and 50 

The urine should be repeatedly examined for sugar m such attacks 
Rodriguez 5 reports a striking case of severe symptoms m a woman 
presenting no sugar in the urine, but in whom, three days later, there 
was a marked glycosuria with 0 6 per cent blood sugar and abundant 
acetone and diacetic acid The patient died m diabetic coma At 
necropsy, acute hemorrhagic pancreatic necrosis with suppuration 
was found 

Ch onic P ana eatitis — In our series, there were almost twice as 
many cases of chronic pancreatitis (fourteen cases) as of acute There 
are two forms of chronic pancreatitis, the interlobular, charactei lzed 
by overgrowth of connective tissue between the lobules, and the 
mteraemous, m which fine bands of connective tissue are scattered 
between the acini, with more or less atiophy of the gland In many of 
these there is present a definite sclerosis of the arteries When the 

5 Rodriguez, Juan Acute Pancreatitis with Fat Necrosis Complicated 
by Diabetic Coma, J A M A 82 203-204 (Jan 19) 1924 
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atiophy and degeneration involve not only the acini of external secie- 
tion but also the elements of the internal secretion, the islands of 
Langerhans, diabetes results Intermittent attacks of glycosuria are 
rather frequent m these cases, and the importance of this finding cannot 
be overemphasized 

“Chrome panel eatitis” is found much more frequently by surgeons 
at operation than by pathologists at neciopsies The enlarged, film 
head of the pancreas so often found by surgeons at operation and 
diagnosed as chronic pancreatitis is probably only edema, congestion 
and exudate of temporal y duration The relative “infrequency,” on 
the other hand, as leported by pathologists at neciopsies, may be 
explained by the fact that the pancreas is raiely carefully studied by 
them, the organ being dismissed after a casual gross inspection with 
the report “pancreas apparently normal ” Sections of the gland are 
seldom made The early autolysis of the pancreas, often within a few 
hours postmortem, undoubtedly contributes to the carelessness of pan- 
creatic postmortem pathology It is not unlikely that many and various 
affections of the gland thus remain unrecognized 

Panaeatic Calculi — Stones of the pancreatic duct are veiy rare, 
m our senes of moie than 3,000 necropsies, only three such cases were 
encountered One of these has already been reported in detail m a 
previous communication G Kretz 6 7 found only one case in 3,000 necrop- 
sies, and Sunmonds, 8 9 one m 2,000 The symptoms of pancreatic stone 
often closely resemble gallstone colic, but the presence of gl)C0suna 
dunng or immediately following some of the attacks is very helpful 
for a differential diagnosis Lanceraux 8 states that temporary glyco- 
suria accompanies each attack of colic This is undoubtedly an exag- 
geration Still, Kmnicutt 10 strongly emphasizes the impoitance of 
glycosuria accompanying the attacks of pain as a diagnostic sign differ- 
entiating attacks of pancreatic stones from those of gallstone 

The finding of sugar in the urine at various intervals was gieatly 
relied on in the diagnosis of a case reported below The symptoms at 
times may be vague, with pam in the epigastrium of different degiees 
of seventy, sometimes agonizing in character, associated with vomiting 
The attacks bear no relation to the kind of food or the time of meals 

6 Barron, M The Relation of the Islets of Langerhans to Diabetes, 
with Special Reference to Cases of Pancreatic Lithiasis, Surg , Gynec & O st 
31 437-448 (Nov ) 1920 

7 Kretz, R Handb d allg Path 2 , 1913, cited by Pratt Diseases 
of the Pancreas, Oxford Medicine, Oxford University Press, 3 473, 1921 

8 Simmonds, M Pancreatic Lithiasis, Fortschr a d Geb d Rontgen 
strahlen 30 81 (Jan IS) 1923 

9 Lanceraux, E J de med int , February, 1889 at 

10 Kinmcutt, F T Pancreatic Lithiasis, with Report of a Case, Am J 

M Sc 124 948-956 (Dec ) 1902 



812 


ARCHIVES OF INTERNAL MEDICINE 


Lazaius 11 reports approximately 50 per cent of cases of diabetes asso- 
ciated with pancreatic stone m the eighty cases that he compiled from 
the literature This fact again emphasizes the importance of glycosuria 

Cysts — Cysts of the pancreas are about as rare as pancreatic stone, 
only one cyst being found in our series Pathologically, they may be 
classified as (1) neoplastic cysts (cyst adenomas), (2) retention cysts 
and (3) pseudocysts The last group is the most common The 
pseudocyst generally arises through the collection of blood or the 
production of secretion and digestion in the lesser peritoneal cavity 
An attack suggestive of acute pancreatic necrosis or a history of trauma 
frequently precedes the cyst formation Pain is the chief symptom 
Glycosuria is uncommon When there is a fluctuating tumor in the 
epigastrium a little to the left of the midlme, with a history as before 
stated, a diagnosis can readily be made These cysts generally develop 
rapidly, m contrast to true cysts, which develop slowly 

Hemochromatosis — Hemachromatosis, or bronze diabetes, is a 
very rare condition due to a disorder of metabolism of carbohydrate 
and iron pigment associated with a sclerosis of the pancreas and other 
glands m the body, together with a deposition of pigment m various 
tissues and organs The diagnosis can readily be made when the 
triad of symptoms, pigmentation of the skin, hepatic enlargement and 
glycosuria, is present The diabetes associated with the pigment 
cirrhosis of the pancreas is probably neither the cause nor the result 
of the pigment anomaly The causative factor of the disturbed pigment 
metabolism is probably also the cause of the diabetes In our series, 
there was only one instance of this disease 

Apoplexy of the Panel eas — Apoplexy of the pancreas is extremely 
rare, so rare that some authors deny its existence The lesion, in this 
condition, consists of a massive hemorrhage into the pancreas without 
any evidence of pancreatic necrosis or other pathology except the 
sclerosis of the pancreatic blood vessels The case, in our series, was 
that of a man, aged 47, who had had advanced hypertension associated 
with severe headaches and poor vision due to retinal hemorrhages 
extending over a period of four years There was albumin m the urine 
and reduced renal function About two weeks before death, there was 
a sudden attack of severe abdominal pam with backache, nausea and 
vomiting The blood sugar ranged between 0 12 and 0 18 per cent 
At necropsy, there was the usual hypertension heart and a very exten- 
\ sive hemorrhage into and around the pancreas The hemorrhage 
extended retroperitoneally to such an extent that intestinal obstruction 

11 Lazarus, P Beitrage zur Pathologie und Therapie der Pankreaser- 
krankungen mit besonderer Berucksichtigung der Cysten und Sterne, Ztschr 
f khn Med 51 95, 203 , 52 381, 521, 1921 
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was pioduced in two places through pressure The blood clot in the 
pancreas itself showed various ages m its formation, suggesting slow 
bleeding The panel eatic blood vessels showed atherosclerosis and 
rupture This condition is entirely analogous to cerebral hemorrhage 

Panel eahe Artcnosclei osis — A condition which I believe of great 
clinical importance and which is very little mentioned in textbooks 
or in the literature, but which may be noted m careful clinical studies, 
is the rather frequent association of glycosuria and true diabetes m 
cases of angina pectoris and other types of coronary sclerosis In our 
postmortem series, careful studies of the pancreas were noted in three 
cases of coionary sclerosis, and m these advanced atherosclerosis of 
the pancreatic aiteries was found In another case of advanced hyper- 
tension with arteriosclerotic kidneys, similar changes were found 

When one remembers that one of the types of pathologic changes 
in the pancreas associated with diabetes is the atrophy of the 
parenchyma including the islands of Langerhans, as a result of athero- 
sclerotic changes in the blood vessels, it is not surprising that the 
foregoing relation should obtain From clinical observations, one is 
led to conclude that this association of lesions could be demonstrated 
at necropsies more frequently if more caieful histologic studies of 
the pancreas were made 

The following cases are cited m detail to illustrate the difficulties 
encountered m arriving at correct diagnoses in cases of carcinoma of 
the pancreas, pancreatic lithiasis and chronic pancreatitis Two of these 
cases, besides having been studied by me, were also studied in one of 
the leading clinics in the country as well as by a number of physicians 

REPORT OF CASES 

Case 1 —A W , a man, aged 45, married, a merchant, when first seen by 
me, April 8, 1922, complained of pains m the back radiating forward into the 
abdomen of about five or six weeks’ duration, constipation, gradual loss in 
weight and progressive weakness About five months before, he had been 
refused insurance because of diabetes, for which he was treated by a diabetes 
specialist for several months 

The previous history and the family history were entirely negative The 
usual weight was 205 pounds (93 kg ) , the present weight, 186 pounds (844 kg ) 
Constipation had developed six weeks before He had been awakened at night 
by severe pain m the upper part of the abdomen radiating to the back The prin- 
cipal complaint at the time of examination was backache, at times dull, at 
other times sharp, which radiated into the epigastrium There was no nausea 
or vomiting Recently, he had had sharp, shooting pains into the left knee 

and a dull pain with fulness in the abdomen 

Physical examination was entirely negative except for a facial expression 
of severe distress Deep percussion over the lower dorsal vertebrae pro uce 
pain deep in the epigastrium 

Frequent examinations of the urine showed a small amount o sugar 
present on two different occasions While under treatment for diabetes, sugar 
had been found only five or six times Examination of the feces and stomac l 
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contents was negative Because of the persistence of severe pain m the back, 
a spinal puncture was done The spinal fluid was negative to all tests 
Roentgen-ray studies showed no gastric or duodenal lesions 

Blood sugar estimations gave peculiar results One examination showed 
013 per cent An examination following a rather severe attack of pain 
gave 0 19 per cent , with a trace of sugar in the urine A test one month later 
gave 013 per cent 

Because of the history of glycosuria and the essentially negative findings 
on physical examination, together with the rather erratic sugar findings, both 
in the urine and the blood, which had no definite relation to the food intake, 
the probable diagnosis of pancreatic disease suggested itself A corroboration 
could not be found in the examination of the stools for excess of fat or 
undigested muscle fibers A sugar tolerance curve gave essentially normal 
results 

In the course of the observation, the patient was seen by a large number 
of prominent physicians without a definite diagnosis being arrived at Because 
of no improvement in his condition, he visited one of the large clinics on 
two different occasions, when very careful studies were made They found 
no definite organic lesions, and concluded that the symptoms were largely 
due to the neurotic condition of the patient 

The following are a few extracts from my clinical notes on this case 
April 11, there was a severe, gnawing pain in the back, worse on sitting 
May 1, the weight was 182 pounds (82 6 kg), the condition was w r orse 
May 29, the pain w r as still more intense, the weight w r as 168 pounds 
(76 2 kg) 

June 28, the pain was more cramplihe in character, the weight was 172 
pounds (78 kg ) 

July 11, the weight was 176 pounds (79 8 kg) The patient had had 
agonizing attacks of pain, the urine showed sugar present 

July 11, after two w'eeks at some mud baths, he returned without relief 
The weight was 166 pounds (75 3 kg ) There urns an icteric tinge to the con- 
junctiva and skin, tenderness in the epigastrium, and considerable bile in 
the urine A diagnosis of carcinoma of the pancreas was now definitely made 
and an exploration advised Operation showed the head of the pancreas large, 
nodular and cartilaginous, corroborating the diagnosis of carcinoma of the 
head of the pancreas The gallbladder rvas markedly distended , there w r ere 
no gallstones 

The patient failed rapidly, the skin became intensely greenish-brown, and 
itching was very marked He became very emaciated, the liver enlarged to 
below the umbilicus, then receded again The patient died, Jan 18, 1923 

In this case, the early disturbance of the pancreas by carcinoma was 
manifested by glycosuria This is less common m carcinomas than m other 
affections, but nevertheless does occur Though Joslyn well points out that every 
case of glycosuria should be considered as diabetes until proved otherwise, every 
case of glycosuria should not be tieatcd as diabetes unless diabetes can be 
established by further appropriate tests and observations The irregular and 
variable sugar levels in the blood on a constant diet and the inconstant presence 
of sugar in the urine, together with the normal sugar tolerance curve, indicated 
a disturbance of the pancreas other than true diabetes 

Case 2 B B, a man, aged 55, married, when first seen, Dec 26, 1923, com- 
plained of marked weakness, loss of 20 pounds (9 kg ) in weight, attacks 
of pam and fulness in the epigastrium The illness w r as of three months’ 
duration The family and the past histories were negative About one year 
before, he had developed backaches, which lasted for a day or two 

About the middle of September, he developed severe pains, stabbing in 
character, in the lower part of the right side of the chest, radiating to the 
right hypochondrium He was examined in a clinic and the condition diagnosed 
as probable gallstones In the latter part of November, he was examined m 
one of the leading clinics m the country, complete physical and laboratory 
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examinations led to the diagnosis of probable pleurisy and questionable gall- 
bladder, with no indications for an operation A roentgen-ray examination of 
the chest showed a thickened pleura at the right base 

After returning home, he developed a number of very severe attacks of 
cramps in the upper part of the abdomen, many of them sharp and stabbing 
in character, lasting from one to three days He was very ill during the 
attacks, but between attacks he felt well, except for weakness About the 
middle of December, he had a severe attack of pain in the left side of the 
upper part of the chest anteriorly, lasting one day During some of the attacks, 
he would perspire so freely as to drench the bedclothes 

Physical examination showed Temperature, 994 F , pulse, 94, and respira- 
tion, 28 There was definite evidence of loss in weight and marked tenderness in 
the right epigastric legion, but nothing palpable Deep percussion over the 
lower dorsal spine produced pain in the epigastrium 

The urine showed three plus sugar On the following day, sugar was 
absent Blood examination showed 37 per cent hemoglobin and 11,600 leuko- 
cytes The stomach contents and the stools were entirely normal 

December 28, the leukocyte count was 4,900 and blood sugar 0 123 per cent 
December 29, the urine showed no sugar in the morning specimen, 2 per 
cent in the evening specimen 

January 17, the patient was improved, the weight was 164 pounds (74 4 kg) 
February 22, a large, tender mass was palpable in the right hypochondrium, 
conforming to the liver outline 

March 7, the liver was not palpable 

March 26, the patient had a severe attack of backache, cramps, vomiting 
and chills There was a mass in the gallbladder region the size of a hen’s 
egg, and an icteric tinge of the conjunctiva The urine showed 1 6 per cent 
sugar, urobilin, urobilinogen and a trace of bile The fasting blood sugar, 
two days later, was 0 242 per cent 

April 19, the patient had another severe attack of cramps in the lower 
part of the abdomen 

May 16, there was definite jaundice of the skin with itching, the liver 
was large, reaching 8 cm below the costal margin 

May 22, an exploratory operation showed a soft, mushy mass in the head 
of the pancreas, not at all suggestive of carcinoma A cholecystostomy was 
performed for relief of jaundice The patient died, four days later, from 
bronchopneumonia 

This case presents findings of unusual interest During the first three 
days of study, the symptoms of colicky pain, deep in the epigastrium and 
back, together with erratic sugar curves in the urine, suggested very strongly 
the diagnosis of a lesion in the head of the pancreas, probably stone with 
acute suppurative pancreatitis With this diagnosis, the patient was referred 
back to the clinic, December 29, with the recommendation that an exploratory 
operation be performed After repeated examinations, the opinion was that 
there was insufficient evidence for an operation 

The presence of sugar was generally associated with the severe attacks The 
glycosuria was more of a true alimentary glycosuria because its appearance 
always followed immediately after a heavy meal, and it disappeared in the 
morning It ranged from 0 5 to 3 per cent in amount, quantities far in excess 
of that found in renal diabetes Urobilin and urobilinogen were definitely asso- 
ciated with the recurrence of attacks Bile was found only on two occasions 
following attacks of unusual seventy When the bile appeared in the urine 
together with the icteric tmge of the skin, the diagnosis of a lesion m the ica 
of the pancreas was felt to be well established The enlargement of tie ga 
bladder on several occasions aided in this assumption Because of tic seiere 
colicky attacks, not unlike those of gallstone colic, the most probab e lagnosis 
was pancreatic stone The slight temperature and increased leukocyte coun wi i 
several of the attacks suggested an inflammatory condition in the pancreas 
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When the exploratory operation was performed, a large tumor mass, mushy 
in consistency, was found involving the head of the pancreas Although the 
mass was not explored at the time of operation, the gross description by the 
surgeon coincided with the gross description of surgical cases reported m the 
literature, in which the necropsies showed that the mass was a result of severe, 
acute inflammation surrounding stones in the pancreatic duct 

Korte 12 reports a case presenting symptoms of biliary colic The patient was 
operated on, gallstones were removed and the gallbladder was drained Shortly 
after the operation, similar attacks occurred The patient died \t necropsy, a 
large tumor was found m the head of the pancreas which at first was thought to 
be malignant, but on examination proved to be a diffuse abscess surrounding 
pancreatic stones 

Delageniere 13 reports the case of a man, aged 59, wdio developed wolent epi- 
gastric pain followed by increasing jaundice At operation, the distended gall- 
bladder was opened and a stone removed The head of the pancreas was large, 
soft and infiltrated On incision, calculi were found in the ducts Ihese were 
removed, drainage inserted, and the patient recovered 

Although permission for a postmortem was not obtained in the case under 
discussion, the clinical history as outlined, together with the peculiar mass found 
at operation m the head of the pancreas, points quite definitely to the diagnosis 
of pancreatic lithiasis with acute suppurative pancreatitis, the diagnosis originally 
made when the patient was first seen about six months before Ins death In this 
case also, the principal basis for diagnosis w r as the peculiar course of glycosuria 
and blood sugar levels 

Case 3 — Mrs S R , aged 64, was referred to me with a diagnosis of severe 
constipation and diabetes of several years’ duration The present illness started 
twelve years before with sudden pain in the abdomen and temporary inability 
to move the bowels , cathartics caused painful evacuations The first attack lasted 
for two weeks, and was followed by frequent attacks The patient now 1 com- 
plained of pam in the left side in the lower part of the abdomen, aching and 
piercing in character, which radiated to the back on the left side and, at times, 
into the left hip and left knee She also complained of constipation and loss of 
appetite 

Physical examination revealed a large mass freely movable m the lower left 
quadrant The stools showed an irregular mass, suggesting stenosis along some 
part of the bowel Examination of about thirty specimens of urine showed sugar 
present, from a barely recognizable trace to 17 5 gm in twenty-four hours, m 
about 50 per cent of the specimens So irregularlj did the sugar appear in the 
urine that it was necessary to resort to special sugar tests to establish the iden- 
tity of the reducing body The Cammidge test was performed on a number of 
specimens, and was found positive in most instances 

A diagnosis of diabetes could not be made because of the inconstancy of the 
urinary findings on a rather constant diet Because of the evidence of partial 
obstruction of the bowels, a laparotomy was performed and a diverticulitis of 
the colon was found, with an inflammatory mass uniting the sigmoid to the body 
of the uterus The patient died the day following the operation At necropsy, 
an advanced, chronic interstitial pancreatitis was found, with dense bundles of 
connective tissue permeating the organ This case was complicated by two 
unrelated conditions being present, but the interesting feature was the spasmodic 
appearance of sugar m the urine, which was not m accord with the ordinary 
course of diabetes, but for which no true explanation was found It also is 
interesting to note that a pancreatic disturbance was suggested by the pathologist 
examining the specimens of urine 


12 Korte Berl Klmik, December, 1896 

13 Delageniere, H De la choledoctomie retropancreatique, pour calculs 
enclaves dans la portion retropancreatique du choledoque, Arch prov de chir 
15 505-515, 1906 
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CONCLUSIONS 

1 Pancreatic disease is moie common than is usually supposed 

2 Diseases of the pancreas are diagnosed with difficulty because 
of its inaccessibility to palpitation, to roentgen-ray studies, to relnble 
functional tests and to surgical intei vention 

3 From postmortem statistics, primary caicinoma is the most com- 
mon lesion of the gland, with secondary carcinoma, chronic pancreatitis 
and acute pancreatic necrosis following lespectively in order of 
frequency 

4 Careful studies of the urine for sugar and of the blood foi 
changes m sugar levels and atypical sugar tolerance cuives are valuable 
m diagnosis 

5 Postmortem pathology of the pancreas is generally rather super- 
ficial, probably owing to the rapid postmortem changes 

6 Apoplexy of the pancreas is a clinical entity, though rare 

7 Pancreatic atherosclerosis is probably a relatively common con- 
dition associated with cases of advanced hypei tension and with coronary 
sclerosis The diabetes so frequently encountered, m these cases, is 
probably due almost entirely to this lesion 

8 Diabetes melhtus should always be suspected, but should not be 
definitely diagnosed fiom the mere presence of sugar in the urine until 
appropriate tests are made to establish the diagnosis 

9 No syndrome is pathognomonic of pancreatic disease, one can 
arrive at the correct diagnosis only through a combination of all the 
findings 
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The Theory and Practice of Medical Social Work By Edna G Henri, 
Social Service Department, Indiana University Pp 195 Ann Arbor, Mich 
Edward Brothers, 1924 

Medical social service has been assuming a position of increasing importance 
in the last few years until it has become an indispensible adjunct to diagnosis, 
treatment and teaching It supplies to the clinician the intimate contact with 
the daily life and social conditions of the patient which is held by the family 
physician, and without which, while he may diagnose and treat the disease, he 
cannot “treat the patient” A clinician in a psychiatric clinic recently stated 
that diagnosis in the clinic had improved 20 per cent since the organization 
of their social service department 

Medical social work must always remain much of an art to be gained by 
experience, but its methods and aims are scientific, and these may be formu- 
lated in a text, as well as the general methods of procedure and the results of 
the experience of the author 

There has been a very definite need of texts on medical social work, not 
only for the medical social worker but also for the clinician, hospital and 
dispensary executives and medical students This need is met in a large part 
by the present volume and could be filled by it most successfully if a more 
detailed consideration were given to certain aspects This the author is espe- 
cially well fitted to do 

The purpose and aims of medical social work are well stated, but many of 
the problems are little more than mentioned, and not enough space is given to 
suggestions as to procedure The subject of industrial accidents and diseases 
is allowed only one-half page, too little to offer much m the way of guidance 
Such problems as convalescent care, vocational guidance and training, are 
properly the functions of special organizations , still they are problems for the 
solution of which the medical social worker is immediately responsible and 
should be considered in some detail In places some suggestions as to pro- 
cedure are given This is true of the section on illegitimacy, although the 
course outlined might be thought more dogmatic than is justifiable Many 
social workers have found it very inadvisable for the unmarried mother to keep 
the child For the guidance of the student worker both aspects should be 
considered 

It is hoped that the present volume will have such success that the author 
and publishers will feel justified in getting out a revised and enlarged edition 

Diabetic Diet A Handbook for Diabetics By H Doris McHenry, B A , 
and Marjorie M Cooper, B A , with a preface by J A Gilchrist, B A , 
M B , and F G Banting, M C , M B , M R C S , F R C P , MD , D Sc ,LLD 
New York Harper and Brothers, 1925 

Little “instructor” books for diabetics are almost all following a definite 
form The task of teaching diabetic patients how to prepare their own menus 
is not an easy one, the danger of telling too much is as great as the danger 
of telling too little In this book too little is told the instructions for plan- 
ning diets seem quite inadequate to reach more than the intelligent patients 
Tables of equivalent food values, too, are lacking The recipes are good 
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